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This is the last editorial in the series 
which has presented the purpose and 
the actions of the Committee on Re- 
vision of Constitution and By-Laws 
under the directive “to review the 
Constitution and By-Laws of the So- 
cety for the purpose of adapting the 
organization of the Society to the needs 
of the present time and submit such 
reommendations as the Committee 
sees fit to the Council.” 

The first of the series was pre- 
sented in the September Journal and 
| there has been one in each succeeding 
publication. Through them the Com- 
mittee has endeavored to make clear 
to the members of the Society the 
objectives of the revisions, and to pre- 
sent these revisions in final form. Be- 
fore this is in print members of the 
Society will receive a complete cate- 
gorical statement of the separate ac- 
tions which must be taken to effect 
the changes in the Constitution recom- 
mended by the Committee and the 
Council. This final text has had the 
approval, without dissenting vote, of 
the Committee and the Council. We 
shall probably find that it is not a 
perfect document but subject to some 
Variations in interpretation, and some 


honest and sincere efforts of the Com- 
mittee to discharge the task assigned 
9 it by the Council and also contains 











Omissions. It represents, however, the, 
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Summary Statement Upon the Proposed Revisions 
of the Constitution and By-Laws 


By H. S. ROGERS 
Chairman, Committee on Revision of Constitution and By-Laws 


the constructive suggestions of scores 
of members of the Society. 

Three tentative drafts were prepared 
prior to the final text. They were 
circulated to members of the Council 
and to the Committee who are dis- 
tributed through all sections of the 
country and who number, with allow- 
ances for overlapping, fifty-seven 
people. Many of these in turn dis- 
cussed the draft copies with fellow 
members of the Society. None of the 
preliminary drafts circulated was in- 
tended as a finished document. On the 
other hand each represented what the - 
Committee was able to do in the time 
available to it in one of the scheduled 
meetings. All drafts, however, received 
the careful scrutiny of those to whom 
they were sent and the Committee re- 
ceived scores of letters suggesting re- 
visions and amendments. All of these 
letters were carefully considered and 
many of the suggestions were incorpor- 
ated into the final text. 

The Committee feels therefore that 
this document represents, within the 
limits circumscribing all such docu- 
ments, the best it could produce. The 
present organization of the Society 
for the individual members has been 
changed but little. The classification 
of members, the dues, the outline of 
structure, and the responsibility of the 
officers remain the same. The mem- 
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bership of the Council has been changed 
to give wider and more direct repre- 
sentation to the Divisions and Sections 
of the Society, and the responsibility 
for the publications has been placed 
in the hands of the Executive Board 
where in tradition it has always re- 
posed. 

The institutional membership, on the 
other hand, has been organized col- 
laterally with the individual member- 
ship in its relationship to the Execu- 
tive Board. It has no control how- 
ever in any way over the General 
Council and the regional activities. and 
instructional divisions. It has been 
placed in this position for the purpose 
of getting unified action and direct ex- 
pression upon the problems that con- 
front engineering school administrators. 
The proposed structure will encompass 
all of the organized activities of the 





‘visions are ready for action by the 


PROPOSED REVISIONS OF THE CONSTITUTION 


engineering schools within one organi- 
zation which will have corresponding 
strength and prestige. 

It is now our conviction that the re 


Society at the St. Louis Convention, 
If the articles appearing in the JouRNaL 
have been carefully studied the Society 
should be fully informed upon the pur. 
pose and the nature of the revisions 
and should be ready to act upon the 
proposals. The proposals will, there. 
fore, be presented to the tender graces 
of the membership with the hope that 
it will find in them an instrument for 
“adapting the organization of the So 
ciety to the needs of the present time” 
and that it will recognize the oppor 
tunity to take care of any adjustments 
in future revisions should they seem 
necessary. 
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Report of the Committee on Academic Tenure, 
Professional Service and Responsibility 


This committee was appointed by, or 
at the suggestion of, the Executive Com- 
mittee of the Society’s Division of Ad- 
ministrative Officers of Engineering 
Colleges, and was instructed to prepare 
a “report . . . which could guide the 
engineering colleges with reference to 
tenure, consulting service and profes- 
sional responsibility.” 

The instructions are altogether 
timely. The’ colleges and schools of 
engineering were seriously disturbed 
by the war and by the emergency period 
which preceded the war. Their staffs 
were disrupted, their students dis- 
persed and their standards were some- 
times lowered. Hence, it seems de- 
sirable to reexamine and restate the re- 
ciprocal responsibilities of engineering 
institutions and their staffs, and to 
codify those personnel criteria and 
policies most likely to strengthen engi- 
mering education in the post war era. 

In order to do so, it is necessary to 
take into account the relations which 
have been established between the in- 
stitutions, the profession and the engi- 
neering industries. For instance: 

1, The national professional engi- 
Meering societies have established stu- 
dent branches in most of the engineer- 
ing schools. These branches provide 


Opportunities for the students to speak 
before professional bodies, to organize 
and manage group activities, and to de- 
velop an appreciation of professional 
traditions, ideals and standards. 


6or 


2. The Engineers’ Council for Pro- 
fessional Development has established 
standards and procedures for the ac- 
crediting of engineering curricula, for 
selection and guidance of students, and 
for professional training and recogni- 
tion. 

3. Industrial and engineering cor- 
porations send representatives to the 
schools to lecture on their specialties, 
and to interview upper classmen for 
the recruitment of their technical staffs. 

These representatives might well 
keep a close check upon the work of 
the schools and of the graduates of the 
schools whom they employ. 

4. Many schools conduct engineer- 
ing research in cooperation with indus- 
tries and the government, and with 
technical societies and associations, and 
members of engineering faculties ren- 
der consulting services to engineer- 
ing industries and to the profession 
during vacation periods, leaves of ab- 
sence, or, on a part time basis, during 
the regular sessions. 

5. Faculty members occasionally 
leave engineering schools permanently 
for employment in the industries or 
with firms of engineers, and engineers 
occasionally leave industry or practice 
to join engineering faculties. 

This is a wholesome interchange al- 
though it may result in direct competi- 
tion between industry and engineering 
schools for the services of faculty mem- 
bers. College positions have certain at- 
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tractions other than salary—indeed, 
they need to have—but too great a dis- 
crepancy between college and industrial 
salaries will attract the more competent 
men into the industries and leave the 
less competent in the colleges, with re- 
sulting damage to engineering educa- 
tion and, ultimately, to the industrial 
economy and the well-being of the com- 
munity. 


Tue STATUS OF THE ENGINEERING 
FacuLtty MEMBER IN HIS 
INSTITUTION 


College teachers of engineering and 
of the related sciences and humanities 
are first of all members of the academic 
profession and share equally with their 
colleagues in other fields its privileges 
and obligations. Many personnel us- 
ages of higher institutions are equally 
appropriate for teachers of engineering 
and for others; some of these usages 
may warrant modification to cover dis- 
tinctive conditions, such as outlined 
below. When such modifications are 
proposed, it seems expedient to hold 
to widely accepted procedures and 
codes wherever possible, and to pro- 
pose alternatives and _ reservations 
which can be applied without disrupt- 
ing institutional practices. Less than 
one-third of the institutions which have 
accredited engineering curricula are 
primarily technological in character ; in 
most of the others the teaching person- 
nel is preponderantly academic rather 
than technical or professional in back- 
ground and attitude. 

Of the conditions distinctive to teach- 
ers of engineering and the technical 
sciences, the following are believed to 
be the most significant : 

1. Engineering and industrial ex- 
perience and other forms of advanced 
training than the earned doctorate are 
generally considered to be equally ap- 
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propriate as preparation for the teach 
ing of ‘engineering, and in some 
branches more appropriate. Proper 
equivalences should be recognized ig 


qualifying standards for appointments 


and promotions. 

2. Many engineering teachers have 
received less extended and profound 
training in the sciences underlying their 
work than their academic colleagues of 
equal rank and responsibility. There 
is therefore somewhat greater risk that 
radical advances in knowledge and 
practice may make their training pro 
gressively inadequate in their mature 
years. 

3. The teacher of engineering bene 
fits in rank and salary, as compared 
with most academic colleagues of equal 
age, training and attainment, by reason 
of industrial or professional competi- 
tion for his services. He usually hasa 
smaller economic investment in his 
training, and has less need of economi¢ 
protection through tenure by reason of 
opportunities to transfer into profes 
sional or industrial practice. 

4. The closely prescribed and at 
ticulated character of engineering cur 
ricula makes it important to assume 
adequate safeguards against ineffectual 
teaching and failure to maintain tech 
nical competence in step with advane- 
ing knowledge and practice. Most df 
the courses in a curriculum have esset 
tial tool values and the engineering 
student is seldom afforded a choice d 
teachers. He is therefore less able 
protect himself against an ineffective 
teacher than the academic student ina 
highly elective curriculum. 

The logic of the situation thus sumr 
marized seems to warrant greater flext 
bility in matters of appointment, pro 
motion, salary, tenure and departmental 
headships than commonly prevails it 
academic circles. The matter of acat 
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mic freedom presents few problems in 
mgineering education; the usual safe- 
guards are appropriate, such as those 
adopted and published by the Associa- 
tion of American Colleges.* 

‘This outline of personnel usages for 
emgineering faculties and institutions is 
presented in skeleton form with a view 
to future elaboration : 


Appointments, Promotions and Head- 
ships 


1. Qualifying standards for each 
aademic rank should be formulated ; 
they should be distinctive to engineer- 
ing; they should be as objective as 
possible in their specifications; they 
should recognize a reasonable equiva- 
lence between attainments through ex- 
perience and through higher graduate 
training, but should in all cases require 
fundamental knowledge considerably 
beyond that associated with the bache- 
lor’s degree ; and they should not base 
advancement, rank or responsibility 
upon length of service, except inci- 
dentally. 

2. Gradations of rank and respon- 
sibility should recognize both different 
levels of intellectual attainment and au- 
thority and different levels of responsi- 
bility for planning and supervision. 

3. In all appointments and promo- 
tions, due measure of recognition should 
be given to effective teaching, and to 
tesearch, contributions to professional 
knowledge or practice, contributions to 
organized professional activity and con- 
tributions to campus life and relations. 

4. Senior rank should be reserved 
for men of genuine professional or 
scholarly authority, and with rare ex- 
ceptions, such authority should be well 
established in off-campus circles. 





* Association of American Colleges Bulle- 
fin, Vol. 27, No. 1, March, 1941, pp. 124-125 
and 127-128. 
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5. Headships of departments or other 
administrative units should be subject 
to change without necessarily affecting 
academic rank and tenure; in many 
cases headships should be relinquished _ 
by rule at an earlier age than that set 
for final retirement. 


Tenure 


1. There should be a junior status, 
carrying year-to-year or short term ap- 
pointments. 

2. There should be an introductory 
term of definite length in all new ap- 
pointments, and in promotions to the 
professional ranks. 

3. Indefinite tenure should be at- 
tained at a level of age, experience and 
responsibility such as to afford assur- 
ance of: 


(a) the completion of all formal 
preparations for a_ teaching 
career, 

(b) the attainment of authority in 
some scholarly or professional 
area, 

(c) effectiveness as a teacher, 

(d) reasonable stability of career 
aims as a teacher, 

(e) capacity and will to maintan 
teaching effectiveness and con- 
tinued growth. 


4. Tenure should be conditional, with 
proper safeguards against arbitrary dis- 
crimination, upon: 


(a) the continued inclusion of the 
individual’s field of specializa- 
tion in’ the program of instruc- 
tion, 

(b) adequate enrollment in the in- 
dividual’s field of work, with 
due allowance for transient fluc- 
tuations, 

(c) regular and punctual perform- 
ance of work, 
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(d) observance of academic and pro- 
fessional ethics, 

(e) maintenance of adequate train- 
ing, knowledge, experience and 
contacts to keep abreast of de- 


velopments in the individual’s - 


area of responsibility. 


5. Termination of appointments 
should be upon adequate notice, for 
sufficient cause and with all reasonable 
effort to assure to the individual al- 
ternative opportunity for employment 
of suitable grade. 

6. Policies on appointment, promo- 
tions and tenure should be published to 
the faculty. 


Salary Schedules 


1. Salaries should be adequate to at- 
tract and retain teachers of sufficient 
competence to accomplish the aims of 
the institution and of the engineering 
profession. 

2. Salary scales for the various 
academic ranks should be established 
and generally known; individual sala- 
ries, however, should be confidential. 

3. Increases at stated intervals and 
amounts should obtain only in junior 
ranks ; in the more advanced ranks each 
individual should be at a level corre- 
sponding to his responsibilities. 

4. The salary of a staff member 
should be adequate to compensate him 
for his full-time duties, without the 
payment. of supplementary compensa- 
tion for special assignments. Some 
institutions, however, occasionally en- 
gage their regular staff members dur- 
ing the academic year for work beyond 
the normal full-time load and provide 
additional compensation accordingly. 
Such supplementary compensation is 
usually necessary when the extra as- 
signments require the staff member to 
give up desirable sponsored research, 
outside consulting or other work. 





REPORT OF COMMITTEE ON ACADEMIC TENURE 


In general it seems clear, ho 
that the institution and its staff ap 
better served when overtime work ang 
compensation are avoided by payment 
of an adequate regular salary and the 
freeing of the staff member from usual 
duties to undertake special assignments, 
Any overtime plan which diminishes 
staff member’s opportunity and incem 
tive to undertake professionally im 


portant and valuable technical work, 


with the attendant opportunity to widen 
his experience and thus strengthen his 
teaching, should be avoided. 

If equity demands that supplemen 
tary compensation should be paid for 
extra work within an institution, the 
amount of such additional compensa 
tion should not be so high that i 
tends to reduce the importance of the 
staff member’s regular work and sak 
ary, and to place a value of contract 
research or nonacademic assignment 
that is high in relation to the value 
placed on the usual academic duties. 

Care must likewise be exercised to 
avoid compensation inequities within 
an institution which result when some 
staff members, whose field of work 
may attract outside research, receive 
large supplementary salary payments 
while other staff members, in fields of 
less immediate application, but posses 
sing equal or greater scholarship and 
professional standing, receive from the 
institution only their regular salaries. 
No plan of supplementary compensa 
tion should put teaching in an inferior 
position or tend to divert staff members 
from their obligations to their stt 
dents. ; 


Retirement 


1. Retirement should be optional be 
fore a specified age, but obligatory at 
that age. Post-retirement appoint 
ments, if made at all, should be ona 
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year-to-year basis and should not re- 
tard the advancement of younger men. 

2.A definite retirement income, 
based on the individual’s service rec- 
ord, should be assured, preferably on a 
contributory basis. 

3. If an individual’s retirement is 
arranged before the specified age in 
the interest of the institution, an equi- 
table adjustment should be made in the 
retirement income. 


PROFESSIONAL PRACTICE 


There has been some difference of 
inion concerning professional prac- 
tie by members of engineering facul- 
ties. There are those, among the facul- 
ties of colleges of literature, science and 
the arts, among practicing engineers 
and even among engineering teachers, 
who held that members of the engineer- 
ing faculties should not engage in pri- 
vate professional practice, at least not 
during the semesters or other periods 
when they are actually teaching. 

However, there seem to be excellent 
reasons why teachers of engineering 
should be permitted to practice inde- 
pendently. Such practice, for example: 


(a) renders professional service ; 

(b) vitalizes teaching through the 
“cross-fertilization of theory and 
experience” ; 

(c) indirectly provides helpful con- 
tacts for students in the profes- 
sion and in the industries ; 

(d) augments the professional sta- 
ture of the faculty member, as 
the limited laboratory facilities 
of colleges and schools do not 
permit the full development of 
engineering projects. No 


schools, for instance, have full 
sized equipment for the manu- 
facture and treatment of metals. 
These are available only in the 
industries. 


Accordingly, only 
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work in conjunction with mills 
engaged in the production of 
metal products provides the en- 
gineering teacher with a full- 
scale laboratory ; 

satisfies the familiar require- 
ment, in many cases, that the 
university teacher must under- 
take at least some research proj- 
ects for the -extension of the 
borders of knowledge. 


(e) 


As a matter of fact, very many en- 
gineering teachers do engage in private 
practice, engineering teachers always 
have practiced, and abundant precedent 
for practice can be found in other pro- 
fessions. Many of the faculty in Ameri- 
can dental and medical schools engage 
in practice on their own, although medi- 
cal and dental schools operate clinics 
for the public service. 

The private practice of engineering 
faculties should be subject to reason- 
able restrictions as follows: 

1. No member of the engineering 
faculty should undertake professional 
practice unless this practice advances 
his scientific and technological knowl- 
edge, with consequent benefit to his 
teaching skill and total competence. 
The faculty member hardly meets this 
requirement if he accepts trifling com- 
missions which do not in the slightest 
challenge his powers and resourceful- 
ness. 

2. No faculty member should engage 
in practice which interferes with his 
teaching duties, which have priority at 
all times. Teaching duties are con- 
sidered to include not only actual meet- 
ing and working with classes, but also 
conscientious preparation of class ma- 
terial, reading of reports and papers, 
development and revision of courses 
and guidance of and conferences with 
individual students. 
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3. No faculty member should practice 
in direct competition with established 
consulting engineers. The teacher 
should not, as such, advertise that he 
is available for consulting — service. 
However, when he possesses expert 
and special knowledge, and his services 
are sought because of that fact, he has 
the distinct obligation to place himself 
at the disposal of the industries and the 
community, provided, of course, that 
his doing so will not interfere with his 
primary school or college duty. 


Tue RESPONSIBILITY OF THE ENGI- 
NEERING FAacutty MEMBER TO HIS 
INSTITUTION AND ITS STUDENTS 


The engineering teaching staff has 
the exacting dual. responsibility of pro- 
viding both a specialized education 
keyed to the rigorous standards of pro- 
fessional practice, and a generalized 
education affording the student a broad 
outlook which is essential to effective 
citizenship and to interests beyond the 
practical and vocational. The individ- 
ual staff member must extend his own 
special competence in a manner to con- 
tribute to this twofold responsibility. 
He must recognize that he owes to his 
institution and its students the follow- 
ing three independent types of service: 


1. Teaching of the Highest Order 


He must master the technique by 
which knowledge is conveyed to young 
minds. To accomplish this he requires 
not only some competence and experi- 
ence in his specialized field, but the 
skill to awaken interest and the pa- 
tience to understand the individual. 
He requires the capacity to look be- 
yond the subject which he teaches and 
to guide the student to see its implica- 
tions and relationships. He must exert 
effort in the art of teaching and must 
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appreciate that effective teaching is not 
confined to formal class and labo 

exercises but includes all those relations 
with the individual and the group, both 
curricular and extra-curricular, which 


' stimulate intellectual activity. 


The experienced teacher understands 
his obligation to all his students but 
always keeps in mind that his inspira 
tion of one student to notable achieye 
ment may be a more important accom 
plishment than leading a score merely 
to pass. Neither popularity among un- 
dergraduate students nor the ability to 
tutor them successfully through ex 
aminations is necessarily evidence of 
good teaching. Favorable judgment of 
advanced students or alumni is more 
likely to constitute such evidence. 
Still other criteria of good teaching are 
development of younger members of 
the faculty and stimulation of the im 
agination of students, to create in them 
the urge constantly to set for them 
selves higher or more difficult goals. 

To supplement these hallmarks of 
good teachers in all fields, the engineer- 
ing teacher has certain specialized op 
portunities and obligations. He must 
use effectively the three processes of 
engineering education: lecture-recita 
tion, laboratory and design.* Through 
these processes he must give the stu 
dent understanding of scientific method, 
mastery of fundamentals and facility in 
their application. He must be re 
sourceful in devising and using prob 
lems to develop the student’s capacity 
to think both quantitatively and acct 
rately. He must be prepared, more 
over, to impart to his students some 
competence in the art of engineering? 
the synthesis of technological knowl 


*“Report of Committee on Engineering 
Education After the. War,” JouRNAL @ 
ENGINEERING Epucation, Vol. 34, May, 
1944, pp. 589-614. 
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edge, a sense of costs and engineering 
judgment. 
2. Advancement of Knowledge 


The staff member who is still inten- 
sively learning, whether it be new, 
fundamental relationships, or sounder 
and more economical ways of applying 
knowledge, can best guide those who 
seek to enter upon a professional career. 
This continuing obligation to learn is 
therefore essential to engineering teach- 
ing of the highest order; it is also es- 
sential as an activity distinct from 
teaching. The faculty member must 
have a relish for discovery, and must 
accept intellectual inquiry and advance- 
ment of knowledge as obligations of 
his profession. 

In an engineering institution these 


‘obligations usually are carried out by 


the faculty member’s professional prac- 
tice and consultation or by original re- 
search. Research is important not only 
because it advances knowledge but also 
because it is a method of teaching when 
carried on in collaboration with stu- 
dents. At advanced levels of teaching, 
example is more effective than precept ; 
the teacher inspires by accomplishment 
father than by words. 


3. Responsibility to Institution 


To be an effective teacher and to ad- 
vance knowledge are the obvious re- 
sponsibilities of the faculty member, 
but he may need to share in other re- 
sponsibilities essential to the function- 
ing of his institution. Efficient and 
imaginative planning and administra- 
tion of the over-all educational program 
are necessary. Service to industry, to 
the community and to government is 
a recognized institutional obligation. 
These four—teaching, advancement of 
knowledge, administration and public 
service—comprise the principal oppor- 
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tunities and responsibilities of the staff 
member. 

Effective collaboration with col- 
leagues is an additional obligation. 
Within any departmental group, the 
ideal is to have a team which includes 
creativeness, teaching ability, profes- 
sional competence and leadership in 
proper balance. The individual as well 
as the group must work for this bal- 
ance, and must be loyal in cooperating 
with other departments and units to 
promote the unity and welfare of the 
institution as a whole. 

There is the further problem of bal- 
ancing private practice with institu- 
tional responsibility, which has already 
been considered. The _ institutional 
duties of the faculty member have pri- 
ority, and before undertaking out- 
side obligations, he should consult his 
Administrative officer regarding the 
relation of the outside activities to his 
academic work, so that both may be 
properly balanced and coordinated with 
the activities of his colleagues. 

To render effectively the types of 
service which have been discussed, the 
engineering teacher, in summary, must 
assume his proper share of the follow- 
ing responsibilities of the faculty as a 
whole : 


Teaching 


(a) Preparation of materials, syn- 
thesis of existing knowledge and 
development of educational 
methods suited to the student’s 
stage of advancement. 

(b) Study for the purpose of keep- 
ing abreast of the profession and 
for inproving teaching skill. 

(c) Writing of texts to expound the 

. results of scientific or engineer- 
ing research, or to revise teach- 
ing technique. 
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(d) Participation in the work of 
educational organizations, es- 
pecially those dedicated to the 
perfecting of teaching. 

(e) Consultation with colleagues for 
the purpose of advising them 
concerning their problems; es- 
pecially, counseling younger staff 
members. 
In general, development of a 
complete teaching competence 
which stimulates in the student 
intellectual initiative, profes- 
sional ability, the faculty of 
sound judgment and criticism, 
and a sense of responsibility for 
the humane use of learning. 


(f) 


Creative Scholarship 


(a) Scientific or engineering re- 
search or other intellectual in- 
quiry to advance knowledge or 
improve an art. 

(b) The publication of work results 

in scholarly monographs, re- 

search papers or books, or the 
filing of applications for patents 
of inventions. 

Consultation or professional 

practice when this contributes 

to personal growth, to vitalizing 
teaching and to the public wel- 
fare. 

(d) Activities in professional socie- 
ties for the advancement of 
scholarship or of engineering. 


(c) 


Service to the Institution 


(a) Administrative and committee 
work and professional service 
for the solution of internal in- 
stitutional problems. 

(b) Services to sister educational in- 
stitutions and to other institu- 
tions maintained for the public 
benefit. 
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(c) Academic and personal counsel 
ing to assist the student to make 
the most of his opportunities, 

(d) Guidance and direction of stu 
dents in worth while extra-cur- 
ricular activities. 

(e) Representation of the institu. 
tion before the public and other- 
wise as may be necessary or ad- 
vantageous. 


RESPONSIBILITY OF THE ENGINEERING 
EDUCATOR TO THE PROFESSION 


Engineering educators have always 
recognized their responsibility to the 
profession. They made this recogni- 
tion explicit in June, 1944, when the 
Society for the Promotion of Engineer- 
ing Education approved without hesi- 
tation the report of the Society’s Com- 
mittee on Engineering Education After 
the War. By this action the Society 
officially accepted the Committee's 
statement that “Engineering education 

. is responsible to the engineering 
profession for the maintenance of 
proper educational standards and for 
the inculcation of ethical attitudes and 
conduct among its graduates.” * 

Fully to explore this responsibility is 
out of the question for the present, but 
it may be timely to suggest certain du 
ties which seem to derive from this 
responsibility : 

1. The engineering educator should 
be professional himself, or aspire to be 
if he is a novice, which means that he 
should be concerned with those sectors 
of engineering “which are performed 
on a high intellectual level, with an in- 
tricate technique and with a high de 


* JOURNAL OF ENGINEERING EDUCATION, 
Vol, 34, May, 1944, p 590. 


| 





gree of 
to socie 
2. Tt 
loyal to 
long to. 
of the 
which | 
trusted 
3. Hi 
tain a 
schools 
bility he 
section 
phase o: 
sciences 
neering 
does it 
is the e] 
student 
plete < 
stem. ] 
gineerin 
tespons! 
tion is a 
4. Th 
professi« 
students 
dents w 
sional a 
larger s 
occupati 
professic 
students 
for the 
ments. 
5. Th 
addition 
spiring | 
fess and 
to study 
Must cul 
of profe 
particula 


*“Repo 
ing Educ: 
of Engin 
burgh, 19, 











aPeace Saag F 


BB. FRPRARK ER FF he 





ae a oat | 








gree of responsibility both to client and 
to society.” * 

2. The engineering educator must be 
loyal to his profession. He should be- 
long to and cooperate with one or more 
of the great engineering societies to 
which American engineers have en- 
trusted their profession’s well-being. 

3. He should exert himself to main- 
tain a high level of efficiency in the 
schools and colleges. This responsi- 
bility has been discussed in a preceding 
section of this report. In the tangible 
phase of the task, which pertains to the 
sciences and their application, the engi- 
neering teacher knows his work and 
does it well enough. More perplexing 
is the elusive business of preparing the 
student for citizenship and for his com- 
plete destiny—the humanistic-social 
stem. Not until recent years have en- 
gineering educators realized that their 
responsibility for this phase of educa- 
tion is as grave as for the other. 

4. The educator must protect his 
profession by weeding out unqualified 
students. He cannot know which stu- 
dents will finally become truly profes- 
sional and which will enter upon the 
larger sphere of auxiliary engineering 
acupations, but it is his duty to the 
profession to eliminate at least those 
students who clearly are not fitted even 
for the marginal engineering employ- 
ments. 

5. The engineering educator has the 
additional and important duty of in- 
spiring his students to strive for prog- 
fess and achievement, and to continue 
to study throughout their careers. He 
must cultivate in them an appreciation 
ot professional ideals and purposes, 
particularly the important obligation of 


*“Report of the Investigation of Engineer- 
ing Education,” Society for the Promotion 
of Engineering Education, Vol. II, Pitts- 
burgh, 1934, pp. 1085-6. 
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ministering to the people and to the 
community. 

6. The educator, finally, is responsi- 
ble to his profession for developing the 
character of his students. 

This is possibly the paramount and 
most challenging of the engineering 
educator’s many obligations. Char- 
acter is the most essential qualification 
of the engineer. This was the opinion 
of 94.5 per cent of 7,000 engineers who 
cooperated in the preparation of the 
Mann report. And engineers of the 
present generation agree, although most 
of them doubtless have in mind the 
particular element in character known 
as integrity. “By common consent, the 
quality most universal and indispensa- 
ble among engineers is integrity; this 
is essentially something moral or ideal- 
istic.” * 

Engineering teachers are deeply con- 
cerned about their responsibility for 
the integrity of students, and have dis- 
cussed the problem eloquently and at 
great length in their meetings and con- 
ferences, but all of them doubtless are 
convinced that their efforts to instill 
moral understanding and appreciation 
have fallen far short of their aspira- 
tions. 

Some of them are of the opinion 
that results can be accomplished in this | 
area of education only by example, 
and that anything like precept will be 
futile. 

More of them would be willing to 
attempt actual teaching if they knew 
what to teach, other than the brief 
codes of the engineering societies. 

The Society’s Committee on Engi- 
neering Education After the War de- 
clares that the student “should also, as 
a guide to critical, ethical and moral 


*“The Second Mile, a Re-survey,” Engi- 
neers’ Council for Professional Development, 
New York, 1944, p. 13. 
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values, have some acquaintance with 
the great enduring humanistic ideals 
which men have evolved.” * But ex- 
actly which are the “great enduring, 
humanistic ideas?” They must be 
identified before they can be taught. 
How is the educator to identify them? 

Little help can be expected from sci- 
ence. The physical sciences have been 
exceedingly fruitful in engineering 
technology; so far they have been 
equally sterile in the technology of 
human conduct. 

The Committee on Engineering Edu- 
cation After the War insists that “The 
natural detachment so desirable in sci- 
ence will not suffice . . . where con- 
cepts of value and motivation of 
social conduct are involved.” + On 
the other hand, emotion and con- 
jecture will be no more effective in 
establishing standards for conduct than 
in any other field of learning or in- 
struction. Any standard of moral re- 
sponsibility must have a completely 
rational basis. 

Criteria of morality do not exist, as 
a matter of fact. There is a traditional 
conscience of American citizens. It is 
a matter of universal experience that 
men have within them an imperative, 
whereby many times a day, they dis- 
tinguish between what they hold to be 
right and what they hold to be wrong. 

At the present time, no solution of 
the problem of ethical subject matter, 
applicable to all types of schools and 
colleges of engineering, seems to be 
possible. However, it might be worth 
while to experiment with a system of 
ethics erected upon analysis and under- 
standing the natural dignity of men 
“endowed by their Creator with un- 
alienable rights,” which rights are in- 


* JOURNAL OF ENGINEERING EDUCATION, 
Vol. 34, May, 1944, p. 596. 
¢ Ibid., p. 596. 
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herent in that dignity. It might he 
possible to study the status of men iq 
society and how they must act toward 
each other in order to survive and tp 
prosper; it might be possible to em 


‘ plore the writings of Thomas Jefferson, 


Benjamin Franklin, and other stalwart 
intellectuals and political economists of 
early America, and of the great phi 
losophers who have been recognized 
through the ages as the teachers of 
mankind; and the results and conclu 
sions of these researches might be con- 
stituted into a norm or standard of 
ethics. 

And when the norm or standard has 
been established a set of notes or a text 
or other suitable teaching material 
might be built upon the foundation of 
these standards; it is probably no more 
difficult to organize course material in 
ethics than in economics, politics or 
sociology. 

In the preparation of subject matter 
for instruction in ethics, familiar prin- 
ciples of pedagogy will apply even more 
than in scientific-technological courses. 
Abstractions will be futile. Teaching 
must be fortified by abundant and 
graphic illustrations. Such, for im 
stance, are cases of violation which 
come before the committees on pro 
fessional ethics of the national engi- 
neering societies and before the vari- 
ous state boards of engineering ex- 
aminers. The instructors might very 
well obtain from the committees and 
boards the records of such cases, with 
out the names of the persons involved, 
and discuss and explain these cases if 
order to bring home to the students the 
practical significance of ethical stand- 
ards or norms. 


CONCLUSION 


The over-all responsibility of admin 
istrative officers of schools and cok 
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lges obviously is to accomplish the 
purposes of engineering education. 
But this responsibility cannot be ful- 
filled by attention merely to major poli- 
des and important trends and move- 
ments. As a matter of fact, the aver- 
age administrator is forced to devote 
the greater portion of his time, thought 
and effort to the solution of current 
problems altogether within his own in- 
stitution or institutional unit, and not 
the least of these internal problems is 
that of maintaining an effective faculty. 
Day by day and year after year the ad- 
ministrator must look to the work, or- 
ganization, attitude and morale of his 
faculty, and to the selection, promotion 
and general status of its members. 
Administrative officers may quite as 
appropriately seek assistance from the 
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Division of Administrative Officers for 
the solution of these internal problems 
as they obtain from the Division in- 
formation concerning trends and de- 
velopments in the profession and in the 
nation at large. 

This report is submitted to the Ex- 
ecutive Committee of the Division of 
Administrative Officers of Engineering 
Colleges in the hope that it may at least 
suggest to operating officers certain 
possible solutions of long standing 
problems of faculty administration. 


J. R. Kitxray, Jr., 

R. A. SEATON, 

A. E. Waite, 

W. E. WICKENDEN, 

C. J. Freunp, Chairman. 
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Ground School and Engineering School: 
Some Notes on Training 


By GEORGE DUMAS STOUT 
Washington University 


The Army Air Forces training pro- 
gram involved in the almost incredible 
expansion of the Air Forces during the 
late war was one of the great experi- 
ments in mass education—an experi- 
ment conducted under circumstances 
that did not permit leisurely trial and 
error. Mistakes were made, of course, 
many of them; many features could 
have been. improved and were in the 
course of improvement when the im- 
minent end of the war brought the pro- 
gram toaclose. But that the program 
did in the main accomplish what it was 
intended to accomplish is apparent in 
the event. Now the question is, How 
may that experience contribute to the 
improvement of our civilian education? 
It may help to answer that question if 
those of us who have recently par- 
ticipated in it and are now returned to 
civilian teaching set down, even though 
roughly and without too carefully 
thinking them through, some of the 
ideas and observations carried away 
from our recent experience. 

My own contact with the program 
was in the ground training section of 
an advanced flying school. In the 
Ground School the cadets studied such 
subjects as navigation, weather, aero- 
equipment, and recognition of friendly 
and enemy aircraft, as a complement to 
their strictly flying training at the hands 
of their flying instructors. One fact 


that we had constantly to remind our 
selves of was that we were not pro 
viding education in the broader sense 
at all; that the program had the strictly 
limited objective of making the best 
possible pilot in the shortest possible 
time; and that every effort had to ke 
concentrated to that one end. Only ly 
indirection and (we hoped) by & 
ample were we even trying to train our 
cadets to be officers. Another limite 
tion (and it is important in studying 
our methods) was that the training 
schedule was such that the cadets could 
be expected to do little or no prepara 
tion outside of the classroom. That 
meant, of course, that great stress had 
to be laid on the most simple and de 
mentary clarity of presentation, the 
more necessary since the cadets were 
more heterogeneous than even an ef 
gineering freshman class, ranging from 
high school graduates to Ph.D.’s im 





mathematics. Finally, it was mass 
training. Although the size of our set 
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training, and which precluded ar.ything 
remotely resembling laboratory work 
Actually, of course, the cadets’ labora- 
tory was the flying line, where fre 
quently their lives were at stake; ome 
of the great needs of the program, 0& 
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which we were working at the end of 
the war, was the closest possible co- 
gperation between Ground School and 
Line. 

Part at least of the extraordinary im- 
provement in ground training during 
the years 1942-45 came, I am con- 
yinced, from the very fact that both 
instructors and supervisors realized 
more and more acutely the necessity for 
sharp limitation and definition of ob- 
jective. By knowing with greater and 
greater definiteness what we had to do, 
we were able to make more and more 
¢fective plans for doing it. It is a 
lesson that may well carry over into 
civilian education. My own courses in 
engineering school have been in the 
field of English, and there I know we 
should profit by a sharper definition of 
objective. Is our job merely to train 
the novice engineer to use reasonably 
grammatical and, within practical toler- 
ances, effective language in his tech- 
nical reports? Is it to give him some 
sense of the current world outside of 
his technical interests so that he can 
tead the editorial page of the news- 
paper intelligently? Is it to acquaint 
him with some of the traditional values 
in the literature of the past as well as 
of the present? Is it to give him con- 
fidence in speaking before an audience 
of his peers? Or is it some combina- 
tion of these and perhaps others? 
These questions could be the subject 
for long debate with probably various 
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conclusions. But if some definite an- 
swer be arrived at, then the instructor 
tan make his plans and bend his ener- 
gies with a good chance of arriving at 
the predetermined goal. As the situa- 
tion now stands, the objective some- 
times seems, like the velocity and posi- 
tion of the electron, to be determined in 
accordance with some principle of un- 
certainty. 
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I have spoken here only of English; 
but my engineering colleagues will for- 
give me if I suggest that something of 
the same uncertainty may possibly exist 
in some of the more technical courses 
as well. 

To turn now to rather more concrete 
matters. Since the training of our 
cadets was severely practical and fac- 
tual, every possible use was made of 
training aids. These fell roughly into 
four classes: first, charts, including 
maps, posters, and all kinds of previ- 
ously prepared visual material ; second, 
projected material, such as training 
films, film strips, slides, etc.; third,. 
specimen parts and equipment, either 
complete or cut away; and, fourth, 
mock-ups and synthetic devices. 

Of these four, charts were the un- 
spectacular but indispensable work- 
horses of the program. Their adapta- 
bility to an infinite variety of subject 
matters and uses, their general avail- 
ability, the comparative ease and cheap- 
ness of preparing them, the lack of any 
necessity for elaborate equipment to 
use them in the classroom, and, finally 
and most important, their invaluable 
contribution to a lucid and simple ex- 
planation of a structure or an operation 
—all these factors made them a “must” 
for almost every class. They could 
range from (say) large outline maps 
covered with pliofilm on which weather 
symbols showing changes from day to 
day could be marked with grease pencil 
to (say) permanent representations in 
color of the formation of carburetor 
ice ; they could present statistical graphs 
showing proper power settings under 
varying conditions, or they could show 
the flow of fluid through a complicated 
hydraulic system. Many thousands of 
them were prepared and distributed 
through such central agencies as the 
Ground Training Technical Advisory 
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Department and many thousands more 
were available from the manufacturers 
of air equipment; but frequently as 
valuable, as being even better adapted 
to the local situation, were those locally 
prepared. Every ground school I knew 
kept at least one draftsman busy mak- 
ing them at the request and specifica- 
tion of the instructors. 

As for their use in the classroom, 
there are, of course, a few obvious pre- 
cautions. A chart to be effective must 
be large enough and simple—I repeat 
for emphasis, simple—enough to be 
seen and understood in the farthest 
corner of the room. In other words, 
it should be designed for the primary 
purpose of teaching, and not, as too 
often, be merely a blown up version of 
a working drawing, with needless and 
confusing complication of detail and 
legend. For the same reason, it should 
be in bold outline and in bold colors. 
It should be suitably displayed, prefera- 
bly on a special stand, built to show one 
chart, and one only, at a time, in proper 
sequence. As a matter of fact, the 
charts covering a given section of 
course should be bound together for 
convenience in filing and handling. 

The use of projected material, such 
as training films and film strips, natu- 
rally involves much more elaborate 
equipment ; and at once the problem of 
the budget raises its ugly head. 
Furthermore, I am convinced that, 
since such aids are the more effective 
the more closely they are integrated 
with the other elements of the course 
of which they are a part, they should, 
if it is at all possible, be shown in the 
same classroom or laboratory in which 
the other work is being carried on. 
The problem of the projector is not too 
great: sixteen millimeter equipment is 
reasonably portable. But the room it- 
self needs special preparation : it should 
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be dark enough for clear projection and 
yet not too dark for note taking and 
good classroom discipline. Since win 
dows have to be at least dimmed out 


. some form of air conditioning is neces. 


sary if class and instructor are not liter 
ally to stew in their own juices during 
warm weather. In our ground schogl 
the problem was solved by equipping 
two classrooms with a primitive form 
of evaporation air conditioner (effec 
tive in that dry climate) and scheduling 
in those two rooms the courses that re 
quired extensive use of projected ma 
terial. The other classes simply had to 
suffer in their dimmed but un-condi- 
tioned rooms. Although it would 
greatly complicate the scheduling, pos 


‘sibly some such solution could bh 


worked out by an engineering school, 
Certainly if a class has to be moved to 
a special room every time a projector 
is to be used, much valuable material 
that would take only part of a class 
hour for presentation becomes for all 
practical purposes unavailable. 

Of the material to be so presented 
the training film is perhaps the most 
interesting. Ranging in length from 
the short of five or ten’ minutes to the 
full length of forty minutes or more, 
complete with sound track, sometimes 
with animated diagrams of a distinct 
Disney character (as a matter of fact, 
Mr. Disney did have a hand in making 
a good many of them), many of them 
were superbly informative. They too 
improved enormously during the years 
of the training program. The early 
ones were factually sound enough but 


apt to be poorly planned and dull; | 


when Hollywood, with its expert 
knowledge of audience reaction, took@ 
hand in their production, they began to 
combine factual accuracy with a livel- 
ness of presentation that surpassed iff 
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interest all but the most skillful of con- 
yentional classroom instruction. 

And in that very fact lies one of the 
dangers of a too enthusiastic adoption 
@f the training film into our courses. 
As a teaching aid it is invaluable, but 
its position as an aid and only an aid 
must never be lost sight of. The mod- 
gst, as well as the indolent, instructor 
may be tempted to think that, since the 
flm covers the subject more vividly 
than he can hope to, all he needs to do 
arrange for its showing. But that is 
far from enough. The more graphic 
ifilm is, the more likely will the stu- 
dent be to sink back into unthinking 
@joyment: a situation sternly to be 
guarded against. The instructor must 
himself know explicitly what he ex- 
pects his students to learn from the 
flm, he must make clear to them in 
alyance what he expects them to learn, 
and he must test them to see that they 
lave learned it. Only then will the 
film be a truly integral part of the 
design of the course. 

Not all of the films used in the 
ground schools were especially pro- 
duced by and for the Army. Manu- 
faturers of air equipment (for in- 
ance the Wright Corporation with 
their “Cyclone Combustion”) have 
made a number of films, technically ex- 
tllent and without egregious adver- 
ising, which were officially sponsored 
inthe training program. They should 
bea rich source for use by engineer- 
ing schools. 

The film strip, although not so im- 
Mediately interesting as the training 
flm and not so extensively used in our 
ground school, is perhaps even better 
wapted to day in and day out class- 
toom use. It is a series of stills cover- 
ig a structure or an operation in 
pfoper sequence, with the necessary 
taptions interspersed, on continuous 


35 mm. film. Its principal advantage 
over the moving picture (aside, of 
course, from the obvious ones of being 
cheaper and requiring a much less 
elaborate projector) is that it is more 
flexible, more easily adapted to the 
particular instructor’s scheme of in- 
struction. It is closely comparable to 
the oldfashioned series of slides, but is 
more compact and considerably more 
easily manipulated. 

Simply to make the tale of our pro- 
jection equipment complete, I should 
mention two other devices: the balop- 
ticon and the flash shutter. The former 
we used a good deal to project cuts, 
diagrams, tables, and other printed 
matter, which seemed desirable to bring 
before a whole class but not valuable 
enough to. be processed as charts or 
slides. The other device was the flash 
shutter fitted on a standard slide pro- 
jector, so that the image could be 
flashed on the screen for a fraction 
(usually 45 or Y%o, although occasion- 
ally 499) of a second. This was used 
in training the cadets to recognize 
friendly and hostile aircraft; it is a 
highly specialized device for which it 
seems unlikely that there would be 
much, if any, use in civilian training. 


On the whole the ground school 


probably used specimen parts and 
equipment considerably less than the 
normal engineering school, particularly 
since, as I pointed out earlier, we made 
no attempt to do anything resembling 
laboratory work. Only one point of 
interest should perhaps be noted: the 
extensive use of plexiglas in prepar- 
ing such parts for classroom demon- 
stration. Since plexiglas is thermo- 
plastic at a relatively low temperature, 
it is easy to mold it into shape and sub- 
stitute it for a regular metal or other 
opaque cover. For instance, a set of 
flight instruments in working order 
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can be put into plexi cases and, since 
the pressures under which they operate 
are low, can be shown in actual opera- 
tion. At Air Force installations hav- 


ing elaborate facilities, complicated, . 


large-scale working models were some- 
times constructed of this transparent 
material, sometimes in various colors; 
their usefulness for demonstration pur- 
poses was very great. But even where 
such de luxe equipment was not feasi- 
ble, the employment of plexi frequently 
made it possible to protect a delicate 
part from dirt and from prying fingers, 
and at the same time display it clearly. 

Probably the most spectacular and 
widely advertised of the training aids 
were the various types of mock-ups and 
synthetic devices. But I do not pro- 
pose to discuss them at any length here, 
partly because they do not differ in 
principle from the laboratory and shop 
equipment in any good engineering 


school, and partly because their extra- . 


ordinary range and diversity make any 
general statement almost impossible. 
Among them were certain standard de- 
vices, such as the well-known Link 
Trainer for teaching the cadets to fly 
on instruments. But beyond these they 
were limited only by the ingenuity and 
inventiveness of the instruction officers 
and by the facilities available for their 
construction. At one school for train- 
ing aviation mechanics, for example, 
there was an airplane cockpit complete 
with engine and propeller controls and 
instruments, so wired through a maze 
of electrical connections and rheostats 
that any manipulation of the controls 
would produce the proper response on 
the proper instrument or instruments. 
At the same school a Hamilton Hy- 
dramatic propeller cut-away, which 
obviously could not function under its 
own hydraulic power, had been in- 
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geniously rigged to operate by ele. 
tricity so that its complete cycle of 
operation could be shown. 1 
such elaborate devices were not 
in the majority of ground schools, but 
we all had our programs for develop 
ing mock-ups, etc., to meet our pat 
ticular needs and within the range @ 
our capabilities. And that is prob 
ably the situation of any engineering 
school. 

There is, however, one general sug 
gestion growing out of my experience 
with these training aids that I should 
like to make—although with some hesi- 
tation, since it may already be stand 
ard practice. That is, that in every 
school, or in every department if the 
school is large enough, there be one 
member of the staff whose primary 
duty, or preferably whose whole and 
sole duty, be the development and pro 
curement, the maintenance, and the dis- 
tribution to the point of use, of these 
training aids. Furthermore he should 
have under him a staff and a shop a 
large and elaborate as is consistent 
with the budget and the policy of the 
school. He should be a man of great 
energy and great ingenuity; he should 
be able to take a half-formed idea for 
a mock-up from an instructor, develop 
it and make it concrete, and then, out 
of such odds and ends of material as he 
can pick up, build it. He should maim 
tain a film library, by purchase and by 
rental, and should be constantly on the 
alert to discover new film material 
He should keep the charts for use if 
each course filed so that they are im- 
mediately available in the proper se 
quence. He should have draftsmet 
and keep them busy turning out not 
only the necessary working drawings 
but also new and better charts as iff 
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¢ructors ask for them. Such a man, 
with adequate staff and equipment, not 
oily would relieve the individual in- 
¢ructors of a burden which they can- 
wot properly shoulder, but by being able 
to focus all his energies on the training 
aids program should be able to produce 
more effective results. Moreover, by 
entralizing the development and con- 
tol of these physical aids, he should, 
uder the normal shortage of money 
amd equipment, be able to make more 
dicient use of such equipment as there 
may be than if its control were scat- 
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tered among half a dozen or more 
normally individualistic instructors. 

This paper does not defend a thesis, 
it does not come to any conclusion ; and 
having exhausted my allotted space I 
must simply stop. As the title indi- 
cates, it is merely “some notes,” my 
first hesitating attempt to collect and 
sort out the observations of the past 
three years. To me some of them 
seem significant, perhaps even helpful 
in achieving the ends of education. I 
can only hope that they may seem so 
to others. 





ERRATUM 


The authors of “The Blueprint Language of the Machine Indus- 
tries” are Henry C. Spencer and H. E. Grant and not Henry C. 


Sherman and H. E. Grant as stated on page 3 of the May issue. 
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Patent Policies for Sponsored Research * 


By RALPH A. MORGEN 
Assistant Director, Engineering and Industrial Experiment Station, University of Florida 


During the past decade there has 
been a noticeable trend towards the 
sponsorship of research by industrial 
concerns at the various universities. 
- It is believed that in the next few years 
that trend will be accelerated. Since 
universities in general, and tax sup- 
ported institutions in particular, have 
a responsibility to the public, the ques- 
tion of patent rights in connection with 
sponsored research becomes a very im- 
portant problem. 

In order to formulate a sound policy 
for the University of Florida a study 
was made of the policies of other uni- 
versities. Forty-two replies were re- 
ceived to a questionnaire, and based on 
these a policy was formulated for the 
University of Florida. That policy was 
expressed in the resolution quoted be- 
low and adopted by the Board of Con- 
trol for the University of Florida on 
October 12, 1945: 


Wuereas, the University of Florida, a 
state-supported institution for higher edu- 
cation, has a responsibility and interest in 
the advancement of scientific knowledge, 
and in the advancement of the economic 
interest and welfare of the people, par- 
ticularly the people of the State of Flor- 
ida, and 

Whereas, this responsibility and in- 
terest can from time to time be advanced 
by engaging in research, the results of 
which may have commercial applications 

* Presented at the meeting of the South- 


eastern Section, S.P.E.E., Vanderbilt Uni- 
versity, April 26-27, 1946. 


which are patentable and should be pat- 
ented in the interest of the public, and 
the income from which may be used for 
the promotion of further scientific re 
search, and 

WHEREAS, such research in some ip 
stances is cooperative in character, finan- 
cially and otherwise, with outside persons 
and organizations, and 

WHEREAS, such research undertaken at 
the University involves the use of staff 
and facilities not always accurately meas- 
urable in dollars, 

Now, therefore, The Board of Control, 
acting for the University of Florida i 
an effort to promote such research for 
the advancement of science and the eco 
nomic and social welfare of the people, 
indicates its willingness to undertake such 
research in cooperation with outside per 
sons and organizations within the limita 
tions of its staff and facilities under the 
following general conditions: 


1. That unless otherwise provided in the 
agreement patents shall be controlled 
by the University. 

2. That the University will be willing t 
consider the granting of a non-excltr 
sive license (shop-rights) without 
further cost to the cooperating persom 
or organization which provides funds 
for the direct and operating overhead 
costs of the research. 

3. That if the research undertaken by the 


University is a continuation of ft 


search already initiated by the c& 
operating person or organization, if 
the research results of the University 
require further development work for 
commercial application, or if for other 
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reasons the public interest can thus be of patents resulting from such research 
better served, the University will -be provided the University receives full 
willing to consider the granting of ex- reimbursement for all costs. In the 
clusive licenses on payment of a suit- case of complete ownership of patents 
able royalty. In special cases the co- by the cooperating person or organiza- 
operating person or organization may tion an additional patents charge shall 
acquire partial or complete ownership be made. 
orida TABLE I 
ANALYSIS OF UNIVERSITY PATENT POLICIES ON SPONSORED RESEARCH 
2 pat. 
Ae Multiple F "Pree Li Ownershi 
d for Choite cSingle, | License to | Conse: Less | “of Patent 
Cc Te Contracts Sponsor Ownership to Sponsor 
to Sponsor 
phil Alabama, Univ. of.............. x x x x 
finat- § Camegie Institute.............. x x x x 
TSOMs § Colorado, Univ. of.............. x x x x 
Delaware, Univ. of............. x x x 
en at § Florida, Univ. of............... x x x x 
staf § Georgia School of Tech.......... x x x 
nes ER a an x x 
lowa State College............. x x x 
Kansas State College............ x x x 
ntrol § Louisiana State Univ............ x x x x 
da in § Louisville, Univ. of............. x x 
1 for § Maine, Univ. of................ x x x x 
eco § Mass. Inst. Tech................ x x x 
sople, Michigan State College.... . x x x 
such Michigan, Univ: of............. x x 
ner. | Minnesota, Univ. of............ x x x 
P& Nebraska, Univ. of............. x x x 
mit § N.Y. Col. of Ceramics.......... x x 
Pueeey. Univ.................... x x x 
Ohio State Univ................ x x x x 
Oklahoma A. & M. College. ..... x x 
n the # Penn. State College............. x x x x 
‘olled § Purdue Univ................... x x x 
Rhode Island State Col.......... x x x x 
ag to § Rochester University............ x x x 
xcly § Stanford University............. x x x 
thout Tennessee, Univ. of............. x x x 
rien Texas, A. & M. Col. of......... x x he 
il genes, Univ. of................. x x x 
Toledo, Univ. of................ x x x x 
head AIOE ocak so ke ccs x x x 
Virginia Polytechnic Inst... ..... x x x 
y the § Washington State Col........... x x x 
; Te 
e NN ie pce vo oo aeons 29 4 25 23 25 
n, if |} — 
rsity } Nine universities reported that their policy is now in process of formulation. Those uni- 
- for | Yersities are: Alabama Polytechnic Institute, Cornell University, University of Kentucky, 
sther University of Maryland, University of New Mexico, North Carolina State College, Oregon 
State College, West Virginia, and the University of Washington. 
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It is clearly recognized that a rigid pat- 
ent policy cannot fit all cases. A stand- 
ard contract form was prepared to im- 
plement the resolution which permits 
the sponsor to choose one of four pat- 
ent options. In the first case the spon- 
sor is interested only in basic informa- 
tion and all patent rights belong to the 
University. The sponsor pays only 
for actual salaries and materials used. 
He pays no overhead charges and 
merely gets a report of the findings in 
advance of publication. If patentable 
information is obtained he would have 
the advantage of obtaining an early 
favorable license. 

. In the second case the sponsor pays 
a flat sum to cover estimated expenses 
plus an overhead charge of thirty to 
fifty per cent on the estimated salaries 
depending on the nature of the prob- 
lem. The University pays for and ob- 
tains any patents which might result 
from the work. The sponsor receives 
a free, non-exclusive, non-transferable 
license under such patents without 
further charge. 

In the third case the sponsor, be- 
cause of his activity and ownership of 
related patents in the field of investiga- 
tion, may obtain ownership of the pat- 
ents resulting from the research. How- 
ever in addition to paying all direct 
charges and ful! overhead of fifty per 
cent on salaries, he must pay a flat fee 
at the time of signing the contract for 
this patent privilege whether or not 
any patentable information is obtained. 


PATENT POLICIES FOR SPONSORED RESEARCH 


The fourth case is an intermediate 
one between the second and third types, 
The sponsor could obtain more than 4 
free license, such as an exclusive license 


‘for five years, with ownership of the 


patent remaining with the University, 
In certain special cases the sponsor 
could obtain a percentage ownership in 
the patents with participation in royal- 
ties paid by other users. Each case of 
this kind must be considered on its 
merits and the amount paid by the 
sponsor would be in proportion to the 
benefits he would get when and if 
patents resulted from the research. 
That this policy is in accord with 
most universities which have a definite 
patent policy on sponsored research is 
demonstrated in TableI. Of the thirty- 
three universities reporting a definite 
policy, twenty-nine (88 per cent) have 
a flexible policy permitting more than 
one patent option. Of the féur witha 
single patent policy three give ownef- 
ship of the patent and all rights to the 
sponsor. Twenty-five (76 per cent) 
of the universities permit the sponsor 
to obtain ownership of the patent under 
special considerations. All of the unk 
versities permit the sponsor to obtain 
at least a free non-exclusive license 
under the patents and thirty-two (97 
per cent) allow him to obtain more 
than a free non-exclusive license. The 
great majority have a definite policy 


of balancing protection which is due the 


sponsor for his foresight in initiating 
the work against public responsibility 
and the good of the people as a whole. 
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I Think——— 


By BENJ. F. BAILEY 


Professor Emeritus, University of Michigan 


To become “educated” is a long and 
dificult process. It starts in the cradle 
and ends only at the grave. This edu- 
cation is mainly along three lines: a 
certain number of facts must be memo- 
tized, the ability to live in harmony with 
others must be acquired, and lastly it 
is at least highly desirable that the 
ability to think be developed as far as 
is possible. Even a dog makes some 
progress in the first two lines. He 
larns certain facts, for example, the 
location of certain garbage pails, and 
he makes some progress in what the 
shools call good citizenship, i.e., cer- 
fain actions lead to unpleasant conse- 
quences. But he never learns to think, 
that is to reason. 

In the education of a child it is obvi- 
ous that he must acquire a certain 
amount of factual information.’ He 
must learn to speak the language of his 
country and to read and write it fairly 
well. He must learn something about 
geography and at least enough arith- 
metic to make change. All this factual 
information can be acquired with very 
little use of the reasoning powers. 

The second phase of a child’s edu- 
tion has to do with developing his 
ability to get along with others. As 
soon as two or more people must live 
in intimate contact with one another it 
becomes necessary for them to learn to 
defer to the opinions and wishes of 
others to a reasonable extent. In our 
own families some of us learn to avoid 
trouble but by no means all of us. 
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Among our business associates we do 
much better. If we don’t like the ties 
our boss wears we say nothing, but at 
home, it is another matter. If we 
were as polite to our families as we 
are to our friends much trouble would 
be avoided. 

Our most conspicuous failure is in 
our inability to get along with people 
of other nationalities. Perhaps they 
speak a strange language, or perhaps 
they have oil wells while we haven't. 
Or perhaps they believe all men should 
share equally in the good things of life 
while we believe the smarter, the 
stronger and the more industrious 
should have a greater share. Perhaps 


some of us believe the black man should 


work for the white man, while others 
do not at all agree. Up to now the 
only way we have found to settle such 
matters is to slug it out until one side 
gives up. Perhaps we have devised a 
new way in the UN; at least let us 
hope so. 

The third step in becoming educated 
is to learn to think, perhaps I should 
say to learn to think logically and cor- 
rectly. The dictionary says, to think 
is (1) to exercise the mind; (2) to re- 
volve ideas in the mind; (3) to form or 
hold as an opinion; (4) to consider: to 
purpose or design: to imagine: to 
judge: to believe or consider. I sup- 
pose everyone thinks as defined under 
(1), and most of us “revolve ideas” 
in the mind (e.g. I think I will ask my 
girl for a date). The kind of thinking 
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implied under (3) is one of the curses 
of the world. A child born in Missis- 
sippi grows up to “think” the Demo- 
, ¢ratic party is far superior to the Re- 
publican while one born in Vermont 
holds just the opposite opinion. The 
child born in certain parts of Quebec 
grows up a Catholic and is prepared to 
die for his beliefs if necessary; others 
grow up believing that all Catholics are 
in a plot to destroy the country. Some 
go through life “thinking” that all ser- 
pents must crawl upon the ground be- 
cause one serpent in the dim past 
tempted Eve, and some of our revered 
ancestors harried poor old women to 
their deaths on account of one isolated 
sentence in the Bible (Thou shalt not 
suffer a witch to live). Does anyone 
believe for an instant that all these 
fixed ideas are the result of logical 
thinking? One is forced to the con- 
clusion that the great majority of peo- 
ple cannot or at least do not reason 
about such matters. Our most pas- 
sionate beliefs are merely what some- 
one told us when we were young. 
Occasionally a real thinker is born 
and shines out like a beam of light 
from a light house on a black night. 
Too often his light is obscured by the 
fog of prejudice and superstition by 
which he is surrounded and reaches 
only a few feet into the fog. To be 
such a man used to be dangerous. 
Christ and other religious leaders were 
persecuted and even lost their lives. 
Bruno was burned at the stake and 
Galileo barely saved his life. One in- 
cident in his life illustrates well what 
I am trying to say. Plato who was a 
thinker along certain lines made the 
statement more than 2,000 years ago 
that the speed of falling bodies is pro- 
portional to their weight and for about 
1,500 years nobody doubted this state- 
ment. Five minutes time and a couple 
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of stones would have served to prove 
its falsity. Even a few minutes real 
thought would have given the correct 
answer but for many years no one 


_ threw the stones or gave the matter real 


thought, and when Galileo offered to 
show the philosophers of his time by 
dropping weights from the leaning 
tower of Pisa, they refused even to look, 
We are apparently more open minded 
today (at least about the laws of na- 
ture) but we still find people who in- 
sist that the world is flat and not long 
ago a book was printed in which the 
author proves to his own satisfaction 
that the world is really a hollow ball 
and that we live on the inside! 


LEARNING TO THINK 


That it is desirable to be able to think 
straight requires no argument. It is 
true that many people live happy and 
prosperous lives who have never at- 
quired this ability (some even become 
governors of states or United States 
senators) but there are situations in 
which some straight thinking is essen- 
tial. Most engineers, if they are to 
rise to the top of their profession must 
solve problems which require the 
ability to add two and two together 
and get four every time. In profes 
sions such as law, medicine and teach 
ing, industry and a good memory will 


carry one a long way but even here 


some real logical thinking is very use 
ful. 

Assuming that it is desirable to be 
able to think, how can this ability be 
acquired? In my opinion the first 
requisite is to be born that way. Con 
sider Benjamin Franklin. With prac 
tically no formal education but with am 
insatiable curiosity about the things 
he saw around him, he thought things 
through. On his first voyage to Eng- 
land he used some of his spare time 
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measuring the temperature of the sea 
water so he could plot part of the 
course of the Gulf Stream. Simple 


nough but apparently no one else had 


thought to do it. On a canal boat in 
Holland the boat men said it was 
harder to pull a boat in shallow than in 
deep water. Most people “think” this 
issilly, but Franklin thought it out and 
immediately wrote out the correct 
theory. Largely to convince others, 
since this was an important matter in 
those days of canal boat travel, he 
seized the first opportunity to construct 
an experimental tank in which he could 
test small models of boats. Another 
case of simple but straight thinking. 
Consider his bifocal lenses for spec- 
tacles, water tight bulkheads for ships, 
the Franklin stove and many other in- 
ventions. Simple things all; anyone 
could have thought of them, but no one 
dse did. 

Thomas Edison was another self- 
taught genius. Certainly no one taught 
him to think; if anything many people 
tried to prevent him from thinking. 
Many more could be added to the list 
but perhaps these are enough. 

Does going to school kill the ability 
tothink? Certainly not, though some 
teachers may try to stifle all free 
thought. Thompson, Steinmetz, Lang- 
muir, Coolidge come to mind at once 
and hundreds of other names could be 
added to the list. They were all highly 


‘educated men but certainly no one 


would deny that they were thinkers. 
All these facts indicate that the 
ability to think is a God given gift but 
itis still true that much may be done to 
eicourage the habit of thought. The 
home environment is doubtless far 
More important than the school, and 
wise parents may do a great deal to 
{courage the child to think things out 
for himself. One way to do this is to 
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answer fully and frankly all the in- 
numerable questions the child is con- 
tinually asking. This is not always 
easy. Why are you a Democrat, 
father? Why is uncle Ed a Catholic? 
Why do the other boys chase the Jew- 
ish boys? 

I appreciate the difficulties involved 
in answering such questions. Many, 
perhaps most, parents lack the ability 
to take an impartial attitude in matters 
of say religion or politics and if the 
discussion gets at all hot fall back upon 
the unanswerable argument, “I know 
better than you and it is so because I 
say so.” In the matter of religion 
many people believe in teaching the 
young what they consider to be the, 
truth simply because that is what they 
learned when they were young. The 
fact that countless millions believe 
something entirely different does not 
disturb them in the least. They know 
the truth; any other beliefs are a snare 
of the devil. Ifa parent has a mind of 
this calibre, he had better avoid the 
subject entirely. 

In his school life, what studies serve 
best to develop the habit of thought? 
The first to be encountered is arith- 
metic. Certainly here the student is © 
compelled, probably for the first time, 
to think logically. This is particularly 
true if the problems are well selected. 
Other elementary studies such as spell- 
ing, language study, and geography re- 
quire little more than memory. My 
study of Latin was valuable since for 
the first time, I was forced to study 
hard, but it did nothing to teach me to 
reason. Algebra required some think- 
ing but mainly the ability to remember 
and apply rules. Geometry was a 
revelation to me. Here was pure rea- 
son with very little memory involved. 
For the first time I did not need to be- 
lieve something because someone else 
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had said it was true. 
think for myself. 

The study of Physics and to a lesser 
degree Chemistry requires clear think- 
ing. Analytic Geometry, Calculus and 
Descriptive Geometry should be in- 
cluded in the list. I should also like 
to have every student required to take 
at least one course in Economics. 
Here is a subject involving a different 
kind of thinking. In Geometry if 100 
different people study a problem and 
all reason correctly, all will arrive at 
the same answer. Not soin Economics 
as we all know to our sorrow. How- 
ever a little clear thinking will lead to 
agreement on many points which are 
today in dispute. Philosophy is an- 
other thought providing subject and 
one who wants to take a broad view of 
life cannot afford to neglect astronomy. 
It compels thought of still a different 
kind, 

Let us assume that in due time the 
student has progressed to junior or 
senior standing in an engineering col- 
lege. What can be done to encourage 
him to reason correctly along engineer- 
ing lines? In the first place I would 
strongly urge that much now included 
be omitted but that the fundamentals of 
each subject be hammered home until 
they become a real part of the student’s 
mental equipment. 

Here are a few illustrations of what 
I mean. If you ask a class of senior 
electrical engineering students the time 
relation between the current and the 
flux in an alternating current circuit, 
you will find that more than half of 
them think the flux lags 90 degrees. 
If you inquire whether or not distance 
from the coil makes any difference, 
they are surprised and confused even 
though all of them know something 
about radio. In an examination a stu- 
dent once filled several pages with 


I had only to 
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formulae and diagrams relating to ak 
ternating current transformers. The 
paper was perfect—not a mistake in it 


But a casual conversation with the sty.’ 
. dent after the examination brought out 


the fact that he thought a transformer 
would work equally well on direct cur 
rent! 

How many of your students ‘ar 
familiar with the fundamental fact that 
the influence of anything concentrated 
in a point (e.g. gravity, light, electro. 
static effect, etc.) varies inversely as 
the square of the distance, in a | 
line, inversely as the first nowerpil 
in an infinite surface, as the zero power, 

t would be easy to multiply examples 
but every teacher can supply many 
from his own experience. Facts such 
as these must be firmly fixed in the 
student’s mind before he can begin to 
reason from them. 

As previously indicated I some 
what doubt the possibility of teaching 
any one to reason. To some it is im 
stinctive, others can remember but 
utterly fail to reason. 

If one stops to think it is really sur 
prising how seldom we are forced to 
use our reasoning powers in everyday 
life. One man may go through Tile 
firmly believing that the world just a 
we know it today was created in six of 
our days, and be highly successful, 
financially and socially, while his friend 
who thinks we have evolved to ouf 
present status may be an abject faik 
ure. Indeed if his thinking leads him 
to beliefs, different from those of his 
neighbors, he is likely to get into seri 
ous trouble. Only 300 years ago if 
Massachusetts a man who believed that 
there were no witches was likely to 
lose his life, and if he lived in Europe 
and reasoned that the world was round, 
he might be burned at the stake. 

However, most of us would agree 
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fat it is a good thing (especially for 
m engineer) to be able to “think 
fraight,””, even though we, could’ be 
gite comfortable without this ability, 
md if a boy can reason correctly he 
hould be encouraged to do so. The 
fllowing are some of the ways in 
which the teacher can help him. 

Try to get the student to question 
werything he sees, hears and reads. 
Ask.a class to list the defects of the 
desks they are using. This is easy. 
(an they suggest improvements? Not 
easy. Are the suggested improve- 
ments practicable? If not, why not? 
Why, is the engine in an automobile 
ually in front? Why not in the rear? 
What advantage has a big ship over 
asmall one? An engineer who gets 
ito the habit of thinking that every- 
thing is wrong (or at least that it could 
be improved) is likely to come up with 
smething of revolutionary importance. 

Get some sketches of “perpetual mo- 
tion” machines and ask each student 
to prove just why they will not work. 
(all his attention to a leather belt 
transmitting power. One side is tight 
ad it stretches and its cross section is 
reduced. Since both sides move at the 
same speed, more leather is coming off 
the driving pulley than is going on to 
it How come? Some bright students 
will see the answer and will forever 
iiterward know that a belt must slip. 
All right, but how about the driving 
thain of a bicycle? Can it slip? Does 
itnot stretch? 

Here are some more “trick” ques- 
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tions, largely from my own field of 
work. What happens when a series 
d.-c. generator furnishes current to a 
shunt wound motor? To a separately 
excited motor? To a similar series 
motor? Compare the characteristics 
of a polyphase induction motor on nor- 
mal voltage and on 10 per cent lower 
voltage. On 60 and on 50 cycles. 
What is the objection in a d.-c. motor 
to having the armature stationary and 
the field rotating? How about putting 
the field inside the armature? (I re- 
member seeing large machines built 
that way in my youth.) What is the 
inherent reason why the constant cur- 
rent system was doomed to failure, 
while the constant potential system was 
successful? State some of the reasons 
why direct current transmission is 
superior to three-phase transmission. 
Why is it not used? 

Of course the answer to these pro- 
posals is that there is not enough time, 
but if training of this kind is worth- 
while, we must make time. Perhaps 
some of the time spent making pretty 
curves for laboratory reports might 
better be spent in serious thought on 
some of the fundamentals. Let us have 
more time devoted to things which the 
student will use all through his career 
and less to facts which are better pre- 
served in a hand book: If we can turn 
out graduates who have developed the 
habit of thought, who will not accept 
a statement just because someone said 
it was true we shall have made real 
progress toward a better world, 








Selective Service * 


By M. H. TRYTTEN 
Director, Office of Scientific Personnel of National Research Council 


Selective Service is a present in a 
state of flux. Those of us who are 
working with it in Washington have 
a feeling that things have materially 
changed during the past few weeks. 

Certain things make us feel that way. 
There are a few concrete things that I 
can report on this morning, such as 
the Selective Service release of last 
week and an Army release which I 
expect to tell you about a little later; 
an agreement for the release of sci- 
entific and technical personnel in the 
Navy which is not so far along that I 
can say definitely that it will be issued, 
although I am quite confident that it 
will; and particularly the fact that this 
change has come about in the way it 
has come about has convinced us that 
we are now at a time when the atti- 
tude on this whole matter in the Ad- 
ministration has sharply changed. 

I think probably I can give you the 
feel of the situation a little better by 
going back just alittle bit in the history 
of the Selective Service during war- 
time and recalling to you certain things. 
I think of the Selective Service wartime 
picture as being divided into a number 
of periods, so to speak. 

The first period, I think, ended with 
the midsummer of 1942, or about Aug- 
ust of 1942. Before that time there 
was a period during which the agencies 
and the organizations in Washington 


* Presented at a meeting of the Division of 
Administrative Officers of Engineering Col- 
leges at Pittsburgh, Pa., December 7-8, 1945. 


626 


a 


who were concerned with high grade 
manpower, such as American Council 
of Education, the Roster, the Research 
Council, and other groups, were trying 
to get established, shall we say, the 
proper Federal policies in this field, 
and I think some of you must be verw 
familiar with that period, because yott 
took part in deliberations at that time. 

You will recall that the Americar 
Council set up two committees, ad® 
visory to the various Federal agencies) 
and advisory to the headquarters of 
ACE. The National Headquarters of 
Selective Service also brought to 
Washington an advisory committee, the 
War Department had an advisory com-) 
mittee, and so on. As a result of these | 
deliberations there were a. number of 
things proposed in Washington, all of 
which were quite similar i asic con- 
cept. 7 liu 

The showdown, however, came in 


about August of 1942, and e show- 
down was before a commit | which 
met, I think, mostly behi . closed 
doors, a committee represen: ive of a 
very few of the top agencies ' v ug to 
do with the war, such as Art: and the 
Navy, the War Production F ard, the 


War Manpower Commission. and sc 
on. This small committee >: out 
with a statement of policy wl. is the 
tip-off on the policy which occurred 
from then on to the end of tl war. 
The major part of the + icy was 
aimed at students, that is, the handling 
of training in these fields, and its eestral 
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ore statement (I shan’t go into de- 
tails on the statement at all, I just want 
ip touch on some of these things light- 
y) was that it was the destiny of 
ewery able-bodied student to go into 
the Armed Forces eventually. That 
was stated specifically in this resolu- 
tion. Following that, the policy stated 
that it was therefore the responsibility 
of the Army and Navy alone to deal 
with their training. 

Now in spite of the fact that this 
dealt only with training, I think it is 
fair to say that it represented practi- 
cally a basic policy with the Govern- 
ment from then on; that is, it was 
tueir general feeling that it was the 
destiny of every able-bodied American 
to wind up eventually in the Armed 
orces. In other words, it was a com- 
ete negation of the principle that 
some people serve better in one way 
and some serve better in another way; 
in other words, a complete negation 


‘} of what we think is a very fundamental 
~{principle, the principle of maximum 


itility of each person. 

In the carrying out of that, the ef- 
fects were not immediately apparent, be- 
cause Selective Service had not gotten 
tothe pc where they were scraping 
the bottom ei the barrel so assiduously 
as they did later on. The first effect 
of these.ylicies came about in the fall 
of 1943;;#hen the National Commit- 
tees in t};,3 scientific fields were abol- 
ished..; ,d;hen in January of 1944, you 
tecall thst, the deferments of college 
students,,gvere restricted to a quota 


} asis, toisding about 10,000, and these 


were .j7,,531rn cancelled in late spring. 
Then iqiz¢ in 1944 the decision was 
made to stop the deferment of all able- 
bodied msn under 26 years of age. 
From jhen on the policy bumped 
dlong the bottom. A story that illus- 
trates the ‘Selective Service situation at 
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this time is one that occurred to me in 
June of 1944. 

After the Selective Service decision 
was announced, that deferments were 
to be confined to those over 26, the 
effect of that of course became clear to 
people dealing with war research and 
they realized that something immediate 
would have to be done to counteract it. 
Dr. Vannevar Bush became concerned, 
and a number of other interests took 
action in the hope of getting the deci- 
sion at least held up temporarily until 
some clearer policy could be adopted. 
During this period of confusion, May 
and June of 1944, there was a period 
of about three weeks during which the 
intervention of the Office of Scientific 
Personnel was used as an informal in- 
terim means of securing stays of induc- 


. tion in cases where induction seemed to 


be clearly against the public interest. 

It was necessary for me then to take 
these cases over to Selective Service 
and present the cases individually to 
the proper persons, sometimes a score 
being presented each day. I remember 
one case particularly, a young man 
who was an engineer and scientist in 
the mining field and was a key person 
in the mining of molybdenum. He was 
a very important man indeed to the 
employer. I investigated the case and 
found that it seemed very important, 
in fact, a critical case. So I presented 
the case to the officer in charge, dis- 
cussed it with him. He said he would 
take it home and think’ about it and 
make up his mind by morning. A tele- 
gram would have to be sent by 8:00 
o’clock in the morning to stop induc- 
tion. 

So when I was over there the next 
day, I asked him about it, “What did 
you do?” He said, “I stopped induc- 
tion.” He smiled and said, “You 
know, at dinner I was thinking about 
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this case and I asked my son, ‘What 
is molybdenum,’ and the boy said, 
‘That is a heavy metal.’ Right away 
it occurred to me that maybe this was 


connected with the Manhattan District . 


in some way, and so I went back and 
wired to have that induction cancelled.” 

“Now I submit that when the hand- 
ling of a key scientist or engineer has 
to depend on the interpretation of what 
a high school boy says about his chem- 
istry course across the dinner table, the 
policy is not in safest hands. 

I give you these reminiscences with 
a purpose. There is a very definite 
reason why policies in regard to man- 
power in the highly specialized fields 
were not wisely drawn. Such policies 
can only be drawn by men who know 
the subject well. But in a time of war 
the controlling element must neces- 
sarily be those responsible for the con- 
duct of the war. The men in charge 
at the front become the dominant in- 
fluence perforce and rightly. Their 
concepts are naturally heavily weighted 
by front line needs and less responsive 
to the needs of the rear and indeed to 
the necessities of the future of their 
own forces. So such erudite things as 
the proper utilization of specialists be- 
come inaudible in the background 
noise. Only if policies, arising in the 
quiet and calm thoughtfulness of more 
peaceful eras, are ready to stand in a 
period of stress will these needs be 
served. There is evidence that this 
problem will be back to plague us. 

Nevertheless, the educational cam- 
paign put on by the various technical 
organizations to acquaint the Govern- 
ment with the needs of the nation in 
regard to utilization of scientific and 
other highly trained personnel were 
not wasted. Many persons in the Gov- 
ernment and Congress have been made 
aware of the necessity of a rescrutiny 
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of our official policies as soon as pos 
sible. 

I think the effects of this educational 
campaign first became apparent tp 
those of us who were working with 
this problem immediately after V-J 
Day. At that time the new Director 
for War Mobilization and Recon 
version was appointed, Mr. John 
Snyder, taking office in August of 
1945. Mr. Snyder’s attitude was very 
enlightened. On August 27 he called 


recomme 
blem 
Select 
anew fr 


representatives of the American Coun}: 


cil of Education in his office to discuss 
a bulletin put out by the American 
Council and by the Office of Scientific 
Personnel in which the manpower 
problem was treated. Mr. Snyder in 
dicated an interest in concrete pro 
posals for dealing with the problem 
Certain proposals were submitted by 
the American Council on Education 
confined particularly to resumption of 
training. A letter from the Director of 
the OSP was likewise submitted, point- 
ing out the necessity of revising Selec 
tive Service regulations to stop the im 
duction of key people important to re 
conversion and to the welfare of the 
nation and to secure release from the 
Armed Services of highly trained per 
sonnel. 

Early in September ‘a meeting was 
called by Mr. Snyder’s staff to com 
sider these appeals. No specific action 
was taken at that time but it seemed 
apparent that changes in policy weft 
imminent. 

However, the realization of thes 
changes in regulations was not rapid, 
although progress seemed definite. — 

During this time it is interesting 
that much attention to the problem was 
given in cabinet meetings. Reports 
indicate that Secretary of Commerce 
Wallace was particularly interested af 
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reommended to the Cabinet that the 
blem be met promptly. 
Selective Service has finally issued 
anew release embodying some of the 
relorms sought and requested by the 








VJ Administration. 

rector Local Board Memorandum 115 
econ. | WAS issued as of last Friday, No- 
John yember 30, and together with it issued 
st of Local Board Memorandum 115-M in 
very the SS 115 series. Local Board 





Memorandum 115-M deals particular- 





a ly with students and research workers 
in these fields. Local Board Memor- 





adum 115 is probably familiar to 
most of you and I shall not call your 
attention to it except to state that to 
secure deferments it is still necessary 
touse the 42-A (revised) form, which 
Selective Service has been issuing for 
some time, and by using these forms 
itis possible to request deferment and 
get consideration for individuals work- 
ing in projects dealing with military 
matters and for key personnel in re- 
conversion activities. According to the 
Director of Selective Service, that 
should secure adequate protection to 
all scientific and technical personnel in 
industry. This is the way the Selective 
Service puts it: The machinery is 
there to protect such personnel, and if 
there is an error it is an Administrative 
one. If it is called to their attention 
they will endeavor to provide that it 
is rectified. 

I take this to mean that if anything 
goes wrong in an individual case, it 
should be brought to their attention 
and they will take the necessary action. 
I was concerned with about five in- 
dividuals last week, two of them up 
for induction on November 30, the 
date the new order came out, and I 
Suggested that the employers wire full 
information to the appropriate officer 
of Selective Service on the Morning of 
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November 30. They did, and the in- 
duction was, stopped in those two cases. 
So there is some indication that action 
can be taken in such cases. 

With regard to 115-M, there are 
two things I want to call attention to. 
One of them is that the Memorandum 
permits—or rather, recommends—to 
the local boards that they consider 
seriously for deferments advanced stu- 
dents in the physical sciences and in 
engineering who have been accepted, 
(a) as candidates for masters and doc- 
tors degrees, that is at the graduate 
level, and (b) if they are seniors who 
have been deferred for at least two 
years for some type of war work. 

The following procedures are indi- 
cated. The university may apply for 
his deferment, directly to the local 
board. At the same time there should 
be sent to the Director of War Mo- 
bilization in Washington a statement 
with three items involved, three docu- 
ments: One of them is a notarized 
statement of intention of the individ- 
ual, that he proposes to go ahead and 
continue his training; the second is a 
statement from the college or univer- 
sity that he has been accepted for this 
type of training; and the third one is, 
of course, the Selective Service infor- 
mation. Those things need to be sent 
to Washington, and there are attention 
by the appropriate office. Considera- 
tion will be done mostly by OSRD. 
The processed papers will be sent 
from there directly to the State Di- 
rector and down to the local board. 
In the meantime, the request is at the 
local board, and it is wise to inform the 
local board that this procedure has 
been adopted and that information will 
be coming along through this long 
circuitous path from National Head- 
quarters. 

There is one other thing I want to 
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mention. A committee has been set 
up which is in a sense a policy ad- 
visory committee in this field, estab- 
lished in the Office of War Mobiliza- 
tion and Reconversion. Its purpose is. 
to advise in manpower shortages and 
all actions to secure remedial measures, 
with regard to those fields which 
should be included, and what levels of 
personnel should be involved. It is 
essentially inter-agency, with repre- 
sentatives of OSRD, CRA, the Rubber 
Administration, War and Navy De- 
partments, USES, the Office of Edu- 
cation, The National Roster, and the 
Selective Service System. As I say, it 
is essentially an advisory committee, 
but the individuals who represent the 
agencies on that committee are people 
who have shown an interest in this 
problem over a long time, and in par- 
ticular the subcommittee which deals 
with the things that I have just men- 
tioned specifically is a subcommittee of 
three representing OSRD, the Roster, 
and the Office of Education. Mr. 
Kelly represents the Office of Educa- 
tion. 

So much for the Selective Service 
picture at the present time. You know, 
of course, the situation with regard to 
freshmen. It is possible to secure the 
deferment of freshmen until they have 
finished the term in which they became 
18 years of age. The question of 


whether this policy will be extended to‘ 


permit the students involved to con- 
tinue an additional semester will have 
to be decided soon, I would say with- 
in a few weeks. In that connection 
we are trying to get some information 
together, to piece out our information 
as to what is going on on the campuses, 
not only in the larger institutions, but 
the smaller ones also, that the informa- 
tion will be on hand to permit an in- 
telligent recommendation. - 
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I stated that. the War Departma 
had come to some conclusions wi 
regard to the release of scientific pe 
sonnel. I was told Thursday afternog 
late, just before I left, that the releaggr 
had just come off the press, and f 
person I spoke to had an advance 
off, and dictated some things over 
telephone to me. 

The release will provide that militaygj™ have 
personnel who have been or are epgek Dr. 1 
gaged in scientific research projects gpoeective 
the Army may apply for discharge umgit as he « 
der Paragraph 3 of Regulation 61¢giem. 
365, provided—and these are the cong DEAN | 
ditions under which they can be dig §' this la 
charged: That they hold a bachelosgtierred — 
of science degree in physical sciencesgamt of hi 
or engineering or basic sciences ¢ be used | 
engineering, and have been accepted ayime? 
graduate students or as teachers or it Dr. Ts 
research in accredited universities og Sele 
colleges. Those people who  fulfijgsiuation. 
these conditions may apply for te§ DEAN 
lease and presumably their request forg™® out 
release will go to an Army separation lors deg 
board, who will be inclined to gran Dr. T) 
their release under this new policy. — ftiat, bec 

Furthermore, these people can be re thave re 
leased if they have been accepted forf tat it is 
research in the physical sciences. Ing%" wot 
this latter case, where the individual 'i# teasc 
asks for release for research, the pre that wan 
cedure is confined to physical science §™ 2 PO 
and to those who have been accepted teacher, 
for a research job in the physical sce§ tities. 
ences in a reputable scientific laboreg™SUte 
tory. That is the wording used @ possibilit 
that release. The ‘request must @ 
course have documentary evidence # 
show these things. And too, that rep 
resents a very marked difference mg°V 
attitude on the part of the War De bination 
partment or by the Administration all teach 
This is a small departure from the} the 
point system on the part of the Army. t0 this 

There are evidences that other re) DEAN 
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‘mewfaxations of regulations with regard to 
yapleases from the services and with re- 
> pafard to Selective Service will appear 
siiom time to time. One can look for- 
ard perhaps before very long to an 
tion on the part of the Navy similar 
tp the Army action. However, full 
eement has not yet been reached. 
CHaiRMAN Ho twister: No doubt 
you have questions you would like to 
e 7 sk Dr. Trytten about some phase of 
cts quselective Service, and I am sure inso- 
e ugar as he can, he will be glad to answer 
615-f them. 

. cong DEAN Linp: May I ask, in regard 
> dig f0 this last category of man that you 
helor mierred to, must be devote 100 per 
encesgeent of his time to research or could he 
25 gle used as a teaching assistant part- 
ed asf tme ? 

or ia DR. TRYTTEN: Are you referring to 
es gpite Selective Service or the Army 
fulfil § stuation. 

- seg DEAN Linp: I am trying to get a 
st for man out of the Army that had a bache- 
ation§ t's degree. 

Dr. TryTTEN: I am not sure about 
that, because all I know is the language 
em Ihave read to you. But I would say 

d for§ tat it is very likely that any combina- 
_ Ippon would be satisfactory. I think 
idual ft reason would be that an institution 
Athat wanted a man would certainly be 
nets 4 position to ask for him as a 
jjttacher, and after a time change his 
| sce tuties. If you see what I mean? I 
bora @ "sure the Army would recognize that 
d ing Mssibility and would be realistic. 
+ of urthermore, in the case of Selective 
- to Service, which represents a changed 
yFaministrative point of view, the in- 
pf dividual can be deferred for any com- 

De bination of teaching and research, or 
tion. }#! teaching or all research, and I am 
sire the same philosophy will extend 
9 this Army situation. 

Dean Coxe: I would like to ask 
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what would be the procedure in trying 
to get a man out that you need? 

Dr. TryTTEN: I would ask for him 
individually ; that is, write to him in- 
dividually and ask him to apply for this 
release under the new policy. That is 
Paragraph—if you want to take the 
numbers down I can give them to you 
again. This is Paragraph 3 of Regu- 
lation No. 615-365, a War Department 
regulation. I am not certain about the 
date, about the fifth of December. 

Question : That applies only to men 
in research, is that correct? 

Dr. TRYTTEN: No, it applies to men 
who have been accepted for graduate 
study for teaching or for research. 

SAME QUESTIONER: No, I mean 
their activity in the Army. It doesn’t 
apply to everybody in the Army? 

Dr. TryTTEN: No, and that was a 
disappointment to us. We had hoped 
it would be wider than that. And I 
might say it appeared to be to the 
Administration originally but modifica- 
tions appear to have been made. 

SAME QUESTIONER: And is it com- 
parable in the Navy? 

Dr. TryTTEN: I am hoping the Navy 
will come out very soon with similar 
regulations. The Navy has been con- 
sidering a similar directive, but the 
services are reluctant to jeopardize the 
point system and:the Navy has so far 
not finally agreed to a specific release. 
The people we really want to get out 
more than any others are not the 
people who are now doing research 
work in the Army, it is the people 
who are not doing technical work but 
are nevertheless qualified. They are 
desired, and it is hoped the services 
will later include them. 

Question: Would this include all 
men engaged in research now being put 
under 1-A by their Selective Service 
Boards? 
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Dr. Trytten: Yes, that will be 
covered. A request should be made 
immediately to reconsider their case 
in the light of this release. 


W. N. Jones: Would it be legitimate- 


to pay the man who is out of the 
Army additional compensation, to that 
which he will receive from the GI 
Bill? 

Dr. TryTTEN: Well, I am not too 
sure about that, but I think the decision 
there depends rather on a matter of 
time. That is, if he is doing full time 
work, then he would be getting full 
time pay. I am not too sure, I don’t 
think I want to go on record there. 

ComMENT: It answers his question. 

W. E. WIicKeENDEN : I wonder if you 
would be prepared and willing to com- 
ment in any way on the outlook for 
extension of Selective Service legisla- 
tion? 

Dr. TrYTTEN : You mean beyond the 
present time, May 15? Well, I think 
it is too early to say, because it will 
depend on a number of things. It is 
going to depend on congressional ac- 
tion on universal military training to 
some extent, and I think it is going to 
depend to a very large extent on what 
happens in China and in Germany. I 
might say that it has been my own 
hunch that we are going to be forced 
to make some fundamental decisions 
before very long in the United States 
with regard to foreign policy. As a 
matter of fact, we have already been 
forced in China. It seems certainly 
likely that if we take a positive posi- 
tion in China—and I don’t see how we 
can take anything else—then we are 


going to be committed to a fairly large - 


army over there to implement that 
policy. 

The same thing I think is going to 
take place in Germany. We may with- 





draw completely, but I don’t think ym 
are going to. 

Now if we have to have armies 
the size of several hundred thousang 
in these places and these armies wil 
need manpower back of them in th 
United States, that begins to add upt 
a total that makes it very questionabk 
whether we can get them in by volun 
tary enlistment. That question has tp 
be decided first, you see, whether w 
can get them by voluntary enlistment, 
The figures seem very encouraging 
now. I think the figures for No 
vember are around 81,000 enlistments 
in the Army. There was, however, 
some kind of a deadline in November 
that influenced enlistments so I dont 
think it is typical. I don’t think the 
answer on enlistment will be available 
until late in the winter. 

By the end of February we ought to 
know pretty well how enlistment i 
going to go. If you want my guess,! 
am personally of the opinion that Se 
lective Service will go beyond May 13. 
That is the way it appears to me right 
now. But I wouldn’t bet very much 
on it, because I think many things 
might change it. 

E. B. Norris: Is hers any way d 
staying the induction of a senior who 
has been up until now classified in 4F 
and then suddenly changed to 1-A and 
ordered up for induction, within per 
haps only three or four months of get 
ting his degree? 

Dr. Trytren: So far as I know 
there isn’t, I don’t know of any. 

ComMENT: Except to trust to the 
judgment of the local board. In many 
instances the local board will do it. 

Dr. TRYTTEN: Yes, that of cours 
has applied all the way through, too 
I think in a case like that it might ® 
well to call attention of the local boatd 
to the change in attitude throughotl 








the Adn 
people, . 
and as | 
likely to 

QUES 
of incre 
by.cons 
diers, a: 
Service, 
maintait 

Dr. T 








SELECTIVE SERVICE 633 


the Administration. They are sensible 
people, in the large majority of cases, 
and as you say, I think they might be 
ikely to go along in a good case. 

Question : Has there been any plan 
of increasing the number of volunteers 
by considerably more pay to the sol- 
diers, and thereby avoiding Selective 
Service, even though you have to 
maintain a larger Army? 

Dr. TRYTTEN: I think so; I think we 


will probably go quite far in that direc- 
tion. I don’t know of any concrete pro- 
posals. I think, of course, the Army 
has gone as far as they can under pres- 
ent directive. Congress probably 
would have to decide how much farther 
they can go. And I know a number 
of the members of the Military Affairs 
Committee are thinking along that line. 
But I don’t know anything definite 
right now. 
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Condensation of a Report on Course XV, M.LT? 


By ROBERT W. KING 
Bell Telephone Laboratories, Inc. 


INTRODUCTION | 


The study asked for by the Visiting 
Committee of Course XV, Business 
and Engineering Administration, of 
Massachusetts Institute of Technology 
is one which could not be undertaken 
lightly. 

Engineers among the professions 
have always been outstandingly prone 
to inquire into the mysteries of the edu- 
cational machine, to propose measure- 
ments of its efficiency and ‘to test the 
quality of its output in accordance with 
various standards of measurement. As 
a profession they have, for fifty years, 
maintained a Society for the Promo- 
tion of Engineering Education; and 
this Society, by the record, appears to 
have been actively inquisitive and duly 
prolific of suggestions. It has held fre- 
quent meetings which have been well 
attended by both practicing engineers 
and the academic fraternity ; it has pub- 
lished a monthly journal devoted to 
problems of technical education ; it has 
financed ambitious surveys of opinion 
and experience; and on its various 
committees many of the best minds of 
the profession have served over the 
years. 

And this but represents a sort of 
normal level of activity. Within the 
last decade, discussion of engineering 


*A Report to the Visiting Committee of 
the Course on Business and Engineering Ad- 
ministration (Course XV) of Massachusetts 
Institute of Technology, of October, 1944. 


education has become more intense; 
committee resolutions more importe 
nate; and by no means least, other 
groups, notably political and labor, have 
begun to manifest a willingness to step 
in and dictate what the conduct of the 
profession in many instances ought to 
be. It becomes increasingly evident 
that the future leaders among engineers 
must be more attuned to the full eco 
nomic and political repercussions of 
technology, and trained to accept 


greater social trusts than were their 


predecessors. Otherwise the penalty 
threatens to bind the profession within 
a growing framework of legal inter 
dictions, reared with but accidental re 
gard to whatever conditions will et 
able technology to render its greatest 
service to society. 

It is in these turbulent waters of it 
quiry that the present writer under 
takes to execute a few demonstration 
strokes. It may naturally be wondered 
whether any effort of his can possibly 
prove significant. There is likewise 
small chance that any willing rescuefs 
will be on hand should the current 
prove too much for the hapless swim 
mer. If this is not an assignment 
which the proverbial angels would shu, 
it certainly is one in which nothing 


smaller than a celestial platoon would” 


venture, and then only with reenforee 
ments handy. 

A single extenuating consideration & 
to be seen. Few men with extensivt 
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business or practical engineering ex- 
perience have found or taken time to 
reflect at length on the subject of engi- 
neering education, or even on the more 
restricted theme—which is our present 
corpus delicti—of training for adminis- 
trative duties as an adjunct to such edu- 
cation. Perhaps something will be 
gained by attempting to fill this gap. 
In so far as the experiences of a prac- 
tical man confirm the views of the 
academician, the facts will thereby be- 
come that much clearer; in so far as 
they disagree, then within the area of 
disagreement it may be that neither has 
yet grasped the truth. 

The present discussion and recom- 
mendations are necessarily quite gen- 
eral (they are not directed toward the 
coming period of demobilization, but to 
the more distant future) and, as they 
stand, bear little more relation to 
Massachusetts Institute of Technology 
than to other schools giving a univer- 
sity level of scientific and engineering 
training. 

American engineering schools and 
colleges took official cognizance of 
managerial problems about a genera- 
tion ago. Recognition of a trend which 
has since become more pronounced led 
to the incorporation of various business 
courses in the engineering curricula. 
In fact, so numerous have the instances 
become in which men trained in tech- 
nology have had responsibilities of 
management thrust upon them that it 
is surprising to find the present-day en- 
tollment in this (we might say, hy- 
phenated) course in business adminis- 
tration to be but a minor fraction of the 
general engineering enrollment. This 
Suggests that there is still considerable 
doubt in the minds of all concerned as 
to whether the hyphenated course, 
when limited to four years, can—save 
for exceptional students—impart either 
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the technical or administrative train- 
ing upon: which to build a successful 
career. 

I shall not, at this stage, speculate as 
to whether this is true, nor whether 
such courses deserve greater popularity 
among undergraduates. It might be 
mentioned in passing, however, that 
past and current evidence suggests that 
students completing these courses have 
had no difficulty in finding employment. 
The not very extensive records at hand 
also suggest that engineering-business 
graduates have about the same ex- 
pectation of promotions and salary in- 
creases as do engineering graduates 
generally. None the less, there is rea- 
son to believe that a goodly fraction of 
those enrolling have done so because 
they expect upon graduation to enter 
some relatively small business, perhaps 
a family undertaking, where one can 
quickly apply the limited introduction 
to business methods provided by such 
courses. 

It would manifestly be unfair to un- 
dertake a detailed discussion of the hy- 
phenated curriculum without some ini- 
tial review of the broader field of 
engineering education to which it bears 
close kinship. But more broadly than 
this, since the curriculum in its present 
form has been designed to prepare for 
careers in industry. as operated today, 
and such changes as are made in it will 
presumably spring from the hope of 
providing better preparation for the 
duties and responsibilities of the fu- 
ture, let us first cast a look ahead. 


SETTING OF THE INQUIRY 


Every generation is inclined to look 
upon its epoch as a turning point in ' 
history. Every generation has made 
discoveries, has committed errors, has 
reached conclusions, has deliberated 
upon facets of experience which never 
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before have confronted mankind. All 
such acts are irreversible, and by ob- 
servers close to them in time are likely 
to be regarded as constituting in their 
entirety a sort of fulcrum about which 


the tide of human affairs, for better or 


for worse, is being swung into new 
channels. 

From this standpoint the present 
generation has considerably more than 
an average assortment of new elements 
to ponder. And implicit, if not explicit, 
in most of them is the handiwork of the 
engineer. Within thirty years we have 
been the victims of two world wars and 
a prolonged economic depression. 
Technology is the body, if not the soul, 
of these outstandingly antisocial phe- 
nomena. Yet the engineer has clearly 
not willed that his skills be thus used 
to debase the course of events. Para- 
phrasing Emerson, he has not even 
consciously been a passive master lend- 
ing his hand to some vast soul that o’er 
him planned. Yet he has been an im- 
portant accessory before the fact. 
Moreover, as is axiomatic, his . tech- 
nology will have an increasing influ- 
ence in molding life and creating new 
and serious social problems in the 
future. 

What preparation, then, will be most 
appropriate to tomorrow’s careers, 
especially those in technology and man- 
agement? For answer, we must ex- 
amine the major social, political and 
economic trends, noting their past 
courses and gauging their future, re- 
membering the while that in such move- 
ments there are few discontinuities, few 
sudden beginnings and abrupt termi- 
nations, but frequent changes in rate 
of motion and of emphasis. In most 
respects, social, economic and political 
problems arise more from accelerated 
rates of change and sudden shifting of 
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emphasis than from altered directions; 
slow changes present but minor hurdles, 
The Western world has come a | 
way since Newton remarked that he 
was but a boy upon the seashore who 


now and then happened to find a 


rounder pebble or a prettier shell. It 
is not that the extent of the shoreline 
has grown perceptibly greater singe 
Newton’s time. He was as clearly 
aware of its infinite extent as we are, 
but, whereas he claimed merely to be 
seeking an occasional bright pebble or 
a fascinating shell, we have discovered 
gold; and a rush, far transcending that 
of the Forty-niners, has blackened the 
sands with beachcombers as far as eye 
can reach. 

Knowledge, at least knowledge of 
the physical world, has become trans- 
mutable into wealth on a scale that far 
outreaches the dreams of earlier ages. 
Although knowledge for its own sake 
is as yet neither a forgotten ideal nor 
a neglected pursuit, a dominating urge 
now springs from the hope of practical 
applications, cash returns, and an easier 
way of life. 

This has given rise to what is prob- 
ably the most urgent problem before 
the industrialized nations. Their task 
is to effect a continuing integration of 
the expanding industrial system into 
their existing and essentially liberal so- 
cial and political forms. It is a prob 
lem which assumes greater proportions 
the more liberal the political forms and 
framework into which the fitting is to 
be done. This, in turn, is but another 
way of saying that, while liberal gov- 
ernments (by definition) permit ex- 
tended individual initiative and free 


dom of action, experience is demon- 


strating more and more clearly that 
such privileges can remain uncon- 
strained by some sort of controlling 
authority only in proportion as they are 
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based upon an increasingly high order 
of individual wisdom and judgment. 

Nowhere do we find better illustrated 
the ambivalent character of human af- 
fairs than in the system of checks and 
balances which must come to guide and 
govern the domestic and international 
operations of a smoothly running in- 
dv:‘ial nation dedicated to free enter- 
prise. We usually associate checks and 
balances with political institutions but 
they are an equally needed part of our 
economic machinery. Each of the 
processes upon which the trade life of 
a nation depends injects its peculiar 
menace when employed to excess or al- 
lowed to run beyond quite narrow 
bounds. Money is essential to easy 
trade, but too much money—an inflated 
currency—introduces risks and hard- 
ship. Credit is a promoter of trade, but 
over-extended credit is likely to lead 
to disaster. The continued develop- 
ment of labor-saving machinery is es- 
sential to progress, but technological 
unemployment may turn the balance 
unfavorably. Saving is essential to the 
creation of capital goods, whence prog- 
ress takes its rise, but excessive saving 
jeopardizes the market which the capi- 
tal goods were created to supply. The 
growth of cities has created large labor 
markets and stimulated industry, but 
their crowded denizens, denied the 
stabilizing influence of the ownership 
of property, are a political factor of 
unpredictable import. 

So the list might be extended almost 
indefinitely! While competitive enter- 
prise has many virtues, more and more 
must it be dispassionately guided if ad- 
justments essential to the smooth func- 
tioning of the liberal economic system 
are not to be upset. The causes of 
trade cycles, of booms and depressions, 
of the growth and contraction of credit, 
of the aging of industries as new lines 
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of endeavor arise and make inroads 
upon them, are all much easier to com- 
prehend than is a mechanism—whether 
it be chiefly legal or chiefly of spon- 
taneous operation—which will con- 
stantly adjust their causes to one an- 
other and preserve within an industrial 
nation a felicitously steady state, or an 
equally felicitous steady rate of growth. 
The experience of a century and a half 
has shown that, unless trade and em- 
ployment are not to be seriously upset 
at least once every generation, such a 
nation must be competent and prepared 
to advance by carefully calculated and 
measured steps that are more sugges- 
tive of reasoned, statesmanlike agree- 
ments than of free competition. 

And as for the United States in this 
respect, if we cannot initiate promising 
non-political controls soon, the grasp 
of the federal government is likely to 
have become so firm as to make free 
enterprise but a memory—a memory to 
be more and more cherished, the farther 
it recedes from us. 

No trend with which the liberally 
minded peoples of the world will have 
to reckon is more significant than this 
rise of statism. Yet the tide of bureau- | 
cratic control, encroaching upon in- 
dividual liberty and free choice of ac- 
tion, is an old phenomenon even in the 
liberal governments of the Western 
nations. The situation which alarms 
today was clearly foreseen seventy 
years ago by Herbert Spencer in his 
“Coming Slavery.” He warned of the 
loss of individual freedom, the mount- 
ing costs of bureaucratic regulation and 
control, the rising tendency of the State 
to tax, to levy and to expropriate. But 
old though the trend is, one suspects 
that our children, and their children in 
turn, will find small comfort therein. 
Its acceleration in recent decades gives 
every evidence of being essentially ir- 
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reversible, our protestations notwith- 
standing that ours is a constitutional 
republican: government. 

The various ways in which the in- 
dustrialization of the Western nations 


has speeded their trend toward statism ~ 


are too well recognized to need review. 
And to the already long list we may 
expect that yet others will be added; 
one of these just now looming over the 
horizon may appropriately be men- 
tioned in passing because it is com- 
pletely technological in character. We 
can now clearly foresee the time when 
a greater number of the Western peo- 
ples than ever before will have had 
their ties with the past suddenly and 
irrevocably broken. In the vast but 
relatively undeveloped countries, China 
and Russia, the war will, moreover, 
hasten the espousal of modern indus- 
trial methods at the same time that it 
obscures a popular understanding of 
the slow steps by which, in the West- 
ern countries, these have evolved— 
steps that were unavoidably slow be- 
cause of the lack of underlying scien- 
tific knowledge. I think one can pre- 
dict, therefore, that an effective ma- 
jority in most of the important nations 
will adopt an attitude somewhat anti- 
pathetic to extensive private ownership 
and operation of essential industries. 
How natural such a state of mind 
can be in the postwar world can per- 
haps be better pictured by supposing 
that with the coming of peace we in the 
United States should find ourselves 
either without railroads or with very 
inadequate rail facilities, yet possess- 
ing full knowledge of railroad equip- 
ment and techniques. Or again, that 
the art of electrical communication were 
spread before us, but not the instru- 
mentalities ; or that various other basic 
industries were available in thought but 
not in fact. We can readily appreciate 
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that no so-called venture capital would 
be needed to launch them. With ap 
already existing demand, the problem 
would not be one of stimulating market 
development, but of finding capital and 
manufacturing facilities rapidly enough 
to satisfy the pressure of public de 
mand. 

The countries of the postwar world 
that are without adequate backbone in- 
dustries will be in much this situation, 
To them it will seem quite natural that 
government undertake to supply basic 
needs, especially as to heavy indus. 
tries and utilities, as an item of public 
policy. With most of the world in the 
throes of this transformation, serious 
repercussions in the United States can 
scarcely be avoided. Were it only be- 
cause of the interchange of ideas this 
would be true enough ; but competition 
in world markets between State-owned 
businesses and those privately owned is 
likely to create situations in which the 
latter will increasingly seek assistance 
in and through government depart 
ment and will yield to bureaucratic 
pressure. 

These remarks but point up the in- 
creased attention which must be di- 
rected toward the delayed, and hence 
ineluctable consequences of technol- 
ogy. The now common technique 
of waiting for an ill or a maladjust- 
ment to assert itself, then tinkering 
with it with little or no regard to in- 
direct effects is a form of social and 
political extemporization less and less 
to be tolerated. Such operation of the 
modern nation may be likened to driv- 
ing a huge ship at high speed without 
a helmsman. Many of the most re 


fractory problems in industry and so-— 
ciety today have been born from seed 


unwittingly sown one, two and three 
generations ago. Too frequently have 
leaders in both government and indus- 
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try played the opportunist role. And 
while ignorance may once have fur- 
nished an excuse it scarcely comforts 
those upon whom the delayed penalties 
fall. 

Such in brief appears to be the 
stormier political weather into which 
we find ourselves careening, and with 
it the coming generation is likely to be 
more concerned even than we. Not 
the remotest corner of education will 
completely escape its gusts and squalls. 
And as for technological training, it is 
almost certain to be struck by the full 
force of the mounting wind. Likewise 
training for management and for pub- 
lic administration threatens to draw the 
lightning and feel the strongest blasts. 

Both of these fields of education in- 
timately touch the border-line area 
with which the present analysis is 
concerned, but prior to readying our 
ship and securing its cargo in anticipa- 
tion of the blow, let us further broaden 
our perspective by reviewing certain 
other long-term trends out of which 
significant future events are likely to 
be born. 


TRAINING VERSUS EDUCATION 


Specialized curricula in institutions 
of higher learning we now take for 
granted. Medicine, law, divinity, sci- 
ence and engineering, and more re- 
cently domestic science, business ad- 
ministration, journalism, music, even 
dramatics and hotel operating, feature 
the catalogs of American universities. 
More or less in the order given, they 
have been canonized and accepted for 
inclusion in the utilitarian scriptures. 
Seen in retrospect, their rise and dif- 
ferentiation mark a slow and seemingly 
natural evolutionary development. But 
by even the casual observer it must be 
admitted that imperceptibly the aim of 
the academic world has shifted more 
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and more from education and culture to 
applications and specialized training. 
Academic officialdom now puts its 
stamp of approval upon a livelihood 
rather than a balanced life; in conse- 
quence, it puts the material produc- 
tivity of the individual to the social 
group above his importance to himself. 
It gives the highest academic sanction 
to the studies which rate as economic 
capital rather than to those which 
fructify in culture. 

Incidentally, we again observe a 
swing toward statism—not by blatant 
assertion, of course, but by implica- 
tion that the individual’s highest mis- 
sion is a utilitarian one toward society. 

Current discussions concerning the 
educational world—and not alone the 
American sector—suggest the immi- 
nence of a reactionary tide. The real 
burdens of the recent war have been 
borne by the youth of the world. More- 
over, it is the youth who in large meas- 
ure must contend in the future with 
the jumble of unpremeditated legacies 
we and our forebears have let pile up. 
President Lowell long ago pointed out 
that youths, when they go to college, 
carry something with them which they 
in part leave behind upon graduating. 
Perhaps this was never so true as of 
those who will shortly be entering col- 
lege. They are well-stocked with ques- 
tions of a sort that even the wisest 
faculty cannot answer; yet in propor- 
tion as a faculty are wise will they re- 
gard such student gropings as a stimu- 
lus to further inquiry. 

But it is not alone among students 
that one encounters misgiving and so- 
licitous inquiry. Questions like the 
following arise on every hand. How 
can the college student—and youth in 
general—be more firmly indoctrinated 
with respect to his place in and his hu- 
manistic obligations toward society? 
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Is he being made sufficiently aware of 
the evolutionary record of human prog- 
ress so that he can, in his turn, assist 
in plotting a rational future course for 


the nation of which he is 'a member? 


Now that man has taken into his own 
hands the custodianship of more and 
more effective instruments of destruc- 
tion, how can his faculty of moral judg- 
ment be sufficiently developed in youth 
to insure his controlling enormous 
power wisely ? 

Such questions reflect the perturba- 
tion of mind in which many are seek- 
ing to examine present-day educational 
aims and procedures, particularly at 
their higher levels, and the doubts upon 
which they hope for reassurance. 

Yet, as we envisage more clearly the 
world’s enigmas, the less adequate do 
the processes and promises of educa- 
tion seem. To borrow a figure, our 
present position from certain points of 
view is scarcely more favorable than 
that of the polar bear afloat on a cake 
of ice in the Gulf Stream. Yet none 
among us can reconcile himself to a 
fatalistic view. Considering the great 
success attending exploration of the 
physical world, we are loath to admit 
impotence in the field of social phe- 
nomena no matter how tough the going. 
With a ringing challenge, the words of 
the poet reassert that “the proper study 
of mankind is man.” 

And accepting this challenge let us, 
as a first step, attempt some sort of 
measure of curriculum efficiency ; i.e., 
let us visualize as best we can what 
might reasonably be expected were we 
to undertake various shufflings of the 
components of present-day college 
courses. 


THE PROMISE IN CURRICULAR 
REVISION 


In the long annals of education, the 
technological curricula and the busi- 


ness courses based upon them are rela. 
tively newcomers. This does not deny 
us an adequate baseline, however, with 
which to gauge their effectiveness. 
During the past century and a half 
the physical sciences, and their prac 
tical applications as well, have pro 
liferated and fructified with amazing 
rapidity in all departments. By 1850 
rudimentary dynamo-electric machin 
ery had appeared. The land telegraph 
had already focussed attention on one 
of the important practical uses of elec 
tricity. The submarine cable was a 
proven success by 1860. By then, the 
foundations of organic chemistry had 
been laid, with the discovery of oil a 
few years later presaging important in- 
dustrial developments. The invention 
of the internal combustion engine fol- 
lowed upon the heels of the develop- 
ment of the mechanical theory of heat 
and the principles of thermodynamics. 
Then, too, came Maxwell’s electromag- 
netic theory, paving the way for Hertz 
discovery of electric waves. And 
shortly thereafter invention became 
prolific with the telephone, the ate 
lamp, the incandescent lamp, fairly e& 
ficient means of converting mechanical 
to electrical power, and then electrical 
traction. ; 
Such were but the major pillars ina 
structure of almost infinite detail. The 
incentive to establish engineering 
courses sprang naturally enough from 


these practical and lucrative applice 


tions of a rapidly expanding quantita 
tive knowledge respecting the physical 
world. 

The sequence of events in the educ 
tional world did not move at equal pate 
in all countries however. Save for itt 
struction in higher mathematics, which 
had come to be considered a legitimate 
accessory to the classical education, 
England lagged behind France and 
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Germany, and also behind the United 
States, first in scientific instruction, 
and then in instruction in engineering. 
Such conservatism on the’ part of the 
English schools is the more remark- 
able in that England produced many of 
the individual giants of physical sci- 
ence during this period of its exuberant 
youth, of whom Faraday, Maxwell, 
Kelvin and Rayleigh are illustrative, as 
well as others too numerous to mention 
who were pioneers in engineering. 
This conservatism in England seems 
stranger still when we recall that the 
industrial revolution came to fruition 
first in England, making of it for a 
century or so “the workshop of the 
world.” 

In the United States, in spite of the 
fact that most of our culture has its 
roots in British tradition, engineering 
education found its protoype in Ger- 
many and France. 

The nineteenth century educational 
differences between conservative Eng- 
land and liberal Germany are set forth 
by the following from Professor Hux- 
ley, written about seventy years ago. 
He says, “The German universities, 
from being beneath notice a century 
ago, have become what they are now— 
the most intensely cultivated and the 
most productive intellectual corpora- 
tions the world has ever seen. 

“The student who repairs to them 
sees in the list of classes and of pro- 
fessors a fair picture of the world of 
knowledge—Every Bursch marches 
with a professor’s gown in his knap- 
sack. Let him become a great scholar, 
or a man of science, and ministers will 
compete for his services.” 

And again, contrasting England with 
Germany, he declared, “If a student 
of my own subject shows power and 
originality, I dare not advise him to 
adopt a scientific career ; for, supposing 
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he is able to maintain himself until he 
has attained distinction, I cannot give 
him the assurance that any amount of 
proficiency in the Biological Sciences 
will be convertible into, even the most 
modest, bread and cheese. And I be- 
lieve the case is as bad, or perhaps 
worse, with other branches of science. 
In this respect Britain, whose immense 
wealth and prosperity hang upon the 
thread of Applied Science, is far be- 
hind France, and infinitely behind Ger- 


many.” 
Now, let us look for a moment at the 
difference in national performance 


which may reasonably be attributed to 
this difference in training. We recall 
the amazing speed with which Ger- 
many advanced as a manufacturing and 
commercial nation between 1870 and 
1914. To cite but a single illustration, 
it was during this period that she out- 
distanced all competitors in the field of 
organic chemistry, and entered the first 
World War much the gainer thereby. 
In the United States a similar, though 
perhaps less spectacular, development 
took place. Under the impetus of a 
growing army of competent technolo- 
gists aided by adequate stores of raw 
materials, industrial applications of sci- 
ence swept forward. From its pin- 
nacle, England dropped to a position in 
which (save for Empire preferences) 
she was rapidly losing ground to Ger- 
man and American. competition. 

The practical achievement that can 
be credited to the scientific and engi- 
neering schools on the basis of this 
comparison is clearcut and unequivocal. 
The record is among the most impres- 
sive to which pedagogy can lay claim. 
Hundreds of thousands of individuals, 
largely self-selected on the basis of 
some more or less definite urge, and 
subsequently drilled in the facts of sci- 
ence and engineering, have worked 
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their way in and upon the Western na- 
tions, with the results that speak em- 
phatically for themselves.* 

This observation.is but preparatory 


however to noting a more fundamental . 


basis of this success. 

The pedagogic content of technology 
involves factual knowledge—not unre- 
lated nor unassociated—but largely 
bound up in definite relationships. It 
makes but a minor demand upon the 
faculties of judgment and _ intuition. 
Rules of procedure and practice, based 
upon these relationships, tend also to 
have a marked quantitative aspect 
which permits the majority of tech- 
nological graduates to spend their adult 
lives in systematic application of such 
of these principles and modes of pro- 
cedure as have become familiar to 
them. 

Thus, from facts to principles, to 
practices, we find a logical series of 
stepping stones. Lastly, the pragmatic 
test of quick commercial success or fail- 
ure has been at hand to stimulate ap- 
plication and to evaluate the final stage 
of practice. The continuity, though 
more varied and involved, is in many 
respects as definite and tangible as the 
continuity of Euclid. The teachers of 
technology have been notably successful 
in inculcating just what Henry Adams 
said education should inculcate, viz., 
the ability to react with vigor and 
economy; but the gamut of reactions 
has been conspicuously circumscribed. 

Now if we could assume that the 


_future supplements to the engineering 


curricula are to be of like character, 
presumably like results could be an- 
ticipated. But the earlier section en- 


* Of course, engineering did not supply the 
first illustration of advanced educational drill 
in the use of factual material. Medicine, 
law and divinity all preceded it, but perhaps 
not even medicine has permitted as convinc- 
ing a test of pedagogic efficiency. 


titled “Setting of the Inquiry” has, J 
trust, prepared us to reject any such 
assumption. The essential diffuseness 
of the new material threatens to dig 
turb the Euclidean appearance of the 
scene. There are no immutable Kirch 
hof’s laws defining the flow of goods 
and money through the channels of 
trade and no Newton’s laws of motion 
which social forces and the mass-man 
obey with precision. Accepting, then, 
the view that many of the important 
tasks to be laid upon the coming gen 
erations of engineering graduates will 
involve questions of broad social char- 
acter, we find it difficult, good utilitari- 
ans that we are, to escape the convic 
tion that the part of their college 
training which prepares for these so 
cial questions should match the eff- 
ciency of the part which bears tech 
nological instruction. 

Hence, in procuring additional cur 
ricular material, we shall have two 
conditions in mind, one pertaining to 
its factual adequacy, the other to its 
pedagogic form so as to approximate as 
well as may be the formalized charae- 
teristics so much to be desired. There 
is no need to apologize for the diffe 
culty of meeting these requirements, 
though they do seem to demand little 
less than the quintessence of all knowk 
edge. I hazard only one suggestion, 
and do so with all possible humility 
and no claim to originality. 

Broadly speaking, the study of the 
social and political panorama can be 
pursued by two different methods. One 
is intensive, in which more and more 
facts concerning a particular period of 
brief era brought to light and dis 
cussed. The other is extensive and, 
paying only necessary attention to de 
tail, attempts to discover or portray 
long-term trends and cycles. The it 
tensive methods must necessarily sat 
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fifice perspective for exhaustiveness 
and of course has its uses; the ex- 
tensive method takes a far-reaching and 
sequential look into the past and when 
adequately developed, should be more 
helpful as a basis for forecasting the 
future significance of present-day 
events and policies. 

To pave the way for this proposal, 
I have already cited trends which loom 
significantly today. In a sense these 
play a role analogous to the statements 
of general principle which characterize 
the more exact sciences. In so far as 
they do this by epitomizing cause and 
effect, they should serve well as in- 
structional guides. Due, however, to 
the involved and shifting nature of 
much of the subject matter of the social 
sciences, we must make due allowance 
for basic conceptual differences be- 
tween them and the relatively exact 
sciences. For instance, the test of truth 
in the physical sciences is usually re- 
garded as the ability to make accurate 
predictions (the submicroscopic do- 
main where the uncertainty principle 
enters significantly being an excep- 
tion), whereas in the field of social 
phenomena it is apparent that the mere 
act of making or publishing a predic- 
tion will sometimes reduce or remove 
the possibility of that prediction com- 
ing true. This is not the place to en- 
gage in epistomological discussion, but 
itis worthy of note, though not equally 
worthy of commendation, that there is 
an increasing tendency displayed by 
physical scientists to ostracize social 
Studies from a worthy place in the 
toster of the sciences on the basis of 
their rather qualitative nature. 

As related somewhat to this discus- 
sion of the importance of trends, I 
wish to mention a recommendation re- 
cently placed before the Society for the 
Promotion of Engineering Education. 
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The sponsoring Committee hopes to 
see the engineering student of the fu- 
ture led systematically through the ele- 
ments of history, sociology and govern- 
ment. Its suggestion to educators is, 
“Formulate the results sought as ex- 
plicitly as possible; select appropriate 
materials with discrimination; and ar- 
range them in unified, developing se- 
quence extending through the curricu- 
lum.” * Again, “Attitudes, emotions, 
feelings and beliefs are among the pri- 
mary forces motivating conduct and 
behavior. These are obviously the 
fruit of nurture and indoctrination, but 
may be brought to effective maturity 
as they are refined by critical thought, 
by experience, and by faith. The role 
of the college in these processes of 
nurture and refinement, while not easily 
defined, is none the less real and in- 
sistent.” 

As they bring this recommendation 
forward one sees the Committee in 
anxious indecision concerning the 
horns of its dilemma. Thoroughly 
familiar as its members are with the 
carefully formalized courses of the en- 
gineering curricula, and well acquainted 
as they are with the type of student 
mind which appreciates order and logi- 
cal definiteness—because for the most 
part this type elects engineering—it 
yet feels impelled ‘to advocate the in- 
clusion in engineering curricula of a 
rather extensive selection from the 
social-humanistic category. Perhaps to 
mitigate somewhat the discomfort of 
their position, they suggest selecting 
“appropriate materials” from the so- 
cial-humanistic domain that are char- 
acterized by a “unified, developing se- 
quence.” And to secure this the Com- 


* Report of Committee on Engineering 
Education After the War. JouRNAL or ENn- 
GINEERING EpucaTIon, Vol. 34, page 589, 
1944. 
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mittee emphasizes that the new addi- 
tion should be carefully planned, not 
leaving each part to the individual dis- 
cretion of its teacher, nor even depart- 
ment. 

To some critics, such added emphasis 
upon the social-humanistic areas will 
be looked upon as a dilution and, in a 
sense, a lowering of standards. But 
critics, like others, sometimes change 
their opinions in response to changing 
circumstances. An interesting con- 
trast to our present situation lies in 
the Wickenden survey of eighteen 
years ago. In that survey, of respond- 
ents in administrative and commercial 
positions, 60 per cent rated college 
training in economics as of great im- 
portance ; but of those in technical posi- 
tions, less than 35 per cent considered 
it of great importance. It is also in- 
teresting to contrast the present swing 
toward social and humanities studies 
with opinion expressed then. In order 
to make room in the engineering cur- 
riculum for more economics, 45 per 
cent of respondents favored reducing 
the already small cultural content; 35 
per cent favored reducing the technical 
content (chiefly shopwork); 13 per 
cent suggested reducing the scientific 
content; while 7 per cent would have 
reduced the hours given to the study 
of English. 

There are also those who believe, or 
did believe, that courses in administra- 
tion and management have added a bit 
of intellectual laxness to the rigid dis- 
cipline of formal engineering. I would 
plead, however, that such notions may 
be based upon a misconception. To 
illustrate, let us ask ourselves which 
engineering problem is likely to be 
easier: that which is quantitative 
throughout and when solved comes out 
with a definite numerical answer, or 
the problem which involves human re- 


sponses and perhaps operating conde 
tions that are difficult to define ex 
plicitly, and therefore presents a sub 
stantial number of possibilities or con 


_ tingencies, permitting of various am 


swers, each one based upon a special 
appraisal of the initial conditions, ] 
think there is little doubt but that to 
the student mind, and usually to the 
adult mind as well, the definite prob- 
lem (provided it can be handled at all) 
is simpler and more acceptable. So as 
engineering curricula broaden and draw 
in instructional material from the less 
codified realms of knowledge, their 
formative and guiding influence may 
weaken while they actually become 
more difficult to the rank-and-file of 
engineering students. 

Another debatable opinion affecting 
the value of social-humanistic supple 
ments springs from the observation 
that supervisory positions in techno- 
logical industry must be filled by men 
of scientific or engineering competence, 
and that many of these incumbents in 
time will advance to occupy positions of 
high executive and advisory impor- 
tance. This sequence of events has oc 
curred so frequently in recent decades 
as to have suggested to many what I 
suspect is a non sequitur, namely, that 
because engineers are now found in im 
portant managerial positions, it is per 
missible to conclude that their engi- 
neering training in college has been 
well adapted to serve as a foundation 
for discharging the responsibilities of 
those positions. The opinion is in part 
valid and in part misleading. No one 
can dispute that technological compe 
tence must be well represented in the 
higher levels of the management of 
technological businesses. But there is 
clearly no evidence to support the view 
that a technological training forms the 
best basis for undertaking management 
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duties, nor is there any support for the 
view that technological training. may 


‘not be improved if supplemented by in- 


structional material drawn from other 
areas. 

If either of these latter views were 
correct, there would, for one thing, be 
little point in such a study as the Visit- 
ing Committee is now undertaking. 
But what is more to be remarked, 


‘where would we then look to find 


amelioratives to the social aad eco- 
nomic enigmas of the present day? 
Were the preparation now offered by 
the colleges as engineering and science 
courses definitely established to be the 
best possible for undertaking manage- 
ment’s broad responsibilities, we might 
logically declare that technology had 
indeed rung the death knell of democ- 


Naturally, the defeatism of such a 
conclusion virtually defeats itself. By 
inference, at least, we reassert our faith 
in the educational process, admitting 
nevertheless that the writing of a better 
educational syllabus presents many a 
first-order problem. It is one thing to 
advocate the inclusion of more cultural 
material in the curriculum and quite 
another to satisfy ourselves concerning 
the efficacy of so doing. Such material 
has been the chief constituent of many 
college courses for many years—for 
more years in fact than the techno- 
logical curricula have existed—and yet 
we find no particular record of prac- 
tical accomplishment to point to. Upon 
consulting the record of the past, about 
all we receive is a warning not to ex- 
pect very much. If, from the study (or 
teaching) of history, of morals and 
ethics, of sociology, of politics, of phi- 
losophy over the centuries, any truly 
Significant values have emerged, they 
have influenced conduct to a remark- 
ably small degree. Indeed, it might 


not do great violence to the facts to 
assert that, on the whole, the early 
Greeks had a more adequate compre- 
hension of their world than we have of 
ours. Of course, theirs was simpler, 
but this does not gainsay that in prac- 
tical workaday political knowledge we 
have lost ground in the space of two 
thousand years; that in the words of 
the White Queen, for all our running, 
we have not quite been able to stay 
where we were. 

The sum and substance of this di- 
lemma might be stated as a lack of suf- 
ficient factual data together with in- 
adequate analysis and codification of 
the data now available. It is difficult 
to see how undergraduate curricula can 
be significantly improved until further 
basic research and exploration have 
been carried out. We must find read- 
ier means to cut through the confusing 
screen of daily events to the slow- 
moving, long enduring, but significant 
currents below. 

Faced with this acute need, the great- 
est honor we can confer upon our in- 
stitutions of higher learning is to urge 
them to explore this difficult subject 
matter, and, while pushing back the 
frontiers of ignorance, expand their 
curricula so that each fresh class of 
graduates will have had the exciting 
privilege and stimulus which comes 
from realizing that one has walked in 
the company of an explorer. There is 
a vital mission here fore the advanced 
schools of technology as well as for the 
institutions traditionally concerned with 
the social-humanistic areas of learn- 
ing. In fact, not only the former’s 
mounting responsibilities but the in- 
creasing need of effective liaison cou- 
pling investigators and scholars in these 
‘now separated areas, summon them to 
launch programs of research and gradu- 
ate instruction in the social and politi- 
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cal domains second only to their pres- 
ent efforts iri behalf of the physical 
sciences and their applications. 


APTITUDE IDENTIFICATION AND 
STUDENT SELECTON 


In the main, the facilities of higher 
education have always been distributed 
or allocated by a process of spontane- 
ous selection. Students who have ap- 
plied for courses in higher mathematics 
have for the most part been in posses- 
sion of a natural aptitude for such en- 
deavor,—similarly in the sciences, the 
classics, medicine, music and law. But 
in the domain of business administra- 
tion such spontaneous selection cannot 
so clearly be relied upon. It is certain 
‘hat not all the students who elect busi- 
ness and administrative training pos- 
sess native endowments which will en- 
able them to go far in managerial du- 
ties, though current experience does 
show that a not insignificant fraction 
have the requisite ability. For the most 
part, business now provides its own 
processes of selection, and it seems 
reasonable to assume that on the whole 
these are operating satisfactorily and 
are not likely soon to be replaced. In 
fact, it is difficult to see how any selec- 
tion earlier than the pragmatic filtering 
performed by business could be very 
successful. 

Least likely of all is it that the busi- 
ness schools could confidently separate 
incipient management talent from the 
main stream of student material. La- 
tent talent in management is usually 
slow to appear. Even advanced school- 
ing would largely be over before its ex- 
istence or lack could be reasonably 
established. 

Moreover, one is tempted to remark 
that competent selection within aca- 
demic walls is, if anything, made more 
problematical by the general willing- 


ness of educators to underestimate the 
differences which Nature has intro 
duced among their students and to 
magnify the importance of this or that 


_ pedagogic method and this or that 


course or curriculum. Frankness ig 
such matters is a rare but shining vir. 
tue. Cynical smiles do not often 
enough greet the faculty conclaves, the 
papers, and even books, that aim to 
set up the summum bonum of cur 
ricula, or of methods of instruction, as 
though the usual student group con- 
sisted of units virtually identical to one 
another. Educators not infrequently 
discuss their techniques with the me- 
ticulousness of engineers planning a 
production process, but the fact that 
the youthful material entrusted to them 
has stood its ground so consistently 
under all sorts of educational schemes 
and in all times and places, suggests 
that Nature has had a considerable 
hand in controlling the outcome, and 
that for reasons of her own she has 
willed it that scholars shall be about as 
scarce as champions of the prize ring, 

Mystified though one may be by the 
persistence of the teaching profession 
to underrate inheritance, he must not 
fail to see its members for the idealists 
they are. Nothing so clearly evidences 
the humility of the true craftsman as to 
find little or no fault with his raw ma- 
terials. In this regard teachers by and 
large are exemplary, tacitly maintain- 
ing that if the end product of’ their 
pedagogic processes fails to measure up 
to expectations, the blame rests chiefly 
upon the processes and those who oper- 
ate them, not with the inherited apti- 


tudes and limitations of the raw ma-— 


terial. 

There are limits, however, beyond 
which the educator cannot in wisdom 
go in overlooking natural endowment, 
and particularly is this true of courses 
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in business administration and man- 
agement. Deliberate and explicit un- 
dergraduate training for management 
can turn the heads of novitiates and the 
subsequent disappointment may be 
peculiarly poignant. This is a matter 
which deserves emphasis in spite of the 
fact that business schools are by no 
means unaware of the danger and for 
the most part are attempting to oper- 
ate filtering processes of one form or 
another. 

It is not necessary here to emphasize 
the vast amount of rather quantitative 
data, extending from Francis Galton to 
the results of current placement tests, 
that are now available respecting the 
range of human faculties, all of which 
confirm the point of view just ex- 
pressed. 

Let us turn, therefore, to consider 
administrative ability from the stand- 
point of its component talents. While 
such ability probably extends over as 
wide a gamut as mathematical ability, 
or the primary talents in general, it 
appears rather definitely to be a com- 
plex of more nearly primary qualities. 

Among the more important, or more 
commonly observed administrative tal- 
ents or traits, the following certainly 
deserve mention. 

A likable personality and disposition. 

A pleasure in human companionship. 

The instincts of a good housekeeper 
in the sense that one thinks intui- 
tively in terms of orderly arrange- 
ments and procedures. A good 
executive is probably seldom dis- 
orderly in his thoughts and ac- 
tions. 

Courage, both physical and _intel- 
lectual, associated with which is a 
relative freedom from worry. 

Vitality, physical and mental, and an 
energetic and rapid worker. 


A ready humor and repartee, a ready 
talker with charm or attractiveness 
of delivery and manner. 

A good memory, especially for facts, 
experiences and faces. 

Frequently, a proclivity to plan and 
vision for the future ; in a sense, a 
dissatisfaction with the status quo. 


To such equipment, knowledge and 
good judgment should preferably be 
added, but the pity is that there are, 
and presumably always will be, hosts 
of otherwise excellent leaders and ex- 
ecutives whose judgments are quite 
unsound; as, conversely, there are 
many persons of sound judgment and 
broad understanding who wholly lack 
executive talent or interest in adminis- 
trative duties. 

To sum up, we might conclude that 
the good executive possesses to a de- 
gree well above the average a well bal- 
anced mentality ; certainly, this conclu- 
sion harmonizes with the quite general 
fact that, by and large, good business 
leaders arise from among those who in 
their younger days were good students. 

Such a listing at once suggests the 
difficulty of devising a test for high 
order administrative talent—at once 
simple and satisfactory—that can be 
applied to immature students, to say 
nothing of the identification of individ- 
uals who merely have more than an 
average endowment. It is one thing 
to test for an uncommon mathematical 
aptitude, or a propensity for science, 
art, literature, or music, and quite an- 
other to spot by a simple test the in- 
tellectual resources and talents of the 
potentially successful administrator. 

It has doubtless occurred to the 
reader, while running over the talents 
listed above, that they lie more or less 
in the category of the cultivatable facul- 
ties, and from even small beginnings 
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something worth while can probably be 
developed by training and application. 
This is of prime importance, peda- 
gogically speaking. Consider a single 


faculty such as memory; even a small - 


native nucleus—while it could never 
be schooled into the proportions of a 
Macaulay—might after diligent train- 
ing serve adequately the needs of many 
an excellent executive. It would be 
useless to speculate further here upon 
the possibilities inherent in such pro- 
fessional training (a kind of training 
now omitted from formal schooling and 
therefore ignored except as the in- 
dividual may take himself in hand), 
but I put them forward as worthy of 
exploration by institutions of higher 
learning. . 

To explore a little further the fitting 
of job and man, there are many levels 
in the pyramid of management, and at 
each level a different class of skill and 
knowledge must be available if the or- 
ganization as a whole is to function at 
its greatest efficiency. Speaking in gen- 
eral terms, the characteristic need of the 
lower levels is for detailed factual 
knowledge and the skill to plan and 
guide specific factory or office opera- 
tions, engineering, accounting and other 
techniques, and the like. The group 
leader need have little knowledge of 
the work of other departments, and 
therefore little talent at coordinating or 
dove-tailing tasks of rather widely dif- 
ferent types. Ascending the scale, the 
ability to coordinate, and to guide sev- 
eral distinct lines of work and have 
them deliver their respective end prod- 
ucts on time and in proper relative 
amounts becomes necessary. And as 
the need for such supervisory talent 
becomes more prominent at each suc- 
cessive advance in level, the super- 
visor’s views and considerations neces- 
sarily become more coarse-grained in 


regard to specific technical details. But 


with increased need for coordinatiog 
it becomes increasingly important that 
the administrator possess the ability to 
judge men and to plan divisions of 
work into smoothly meshing parts, 
The call for leadership also mounts to 
a higher premium. Moreover, as the 
subject matter grows in generality with 
ascent in the pyramid, it becomes pro 
gressively less susceptible of quantita. 
tive statement. Ability at handling 
problems then rests in part upon broad 
experience and in part upon a gift 
bordering upon intuition, and not easy 
to define or evaluate, which that experi- 
ence has seasoned. 

And parenthetically, it might be ob 
served that management’s obligations 
do not stop here. This is but a view of 
them from the inside and as they con- 
trol the functioning of the organization 
somewhat apart from its remoter en- 
vironment. Management, as we have 
seen, has an increasing responsibility 
to society as a whole, which is being 
less and less adequately discharged in 
the handling of employee, market, and 
stockholder relationships. Manage 
ment must see its job in the most in 
Clusive terms, summoning enlarged so 
cial wisdom to its aid. As it now has 
a legal department to tell it what it may 
do, a research department to tell it 
what it can do, an engineering depart- 
ment to tell it how best to do it, anda 
sales department to tell it how to make, 
a profit out of what it has done, it 
might well give thought to a sort of 
over-all evaluating department to tell 
it what it ought to do. The ought 
aspect is destined to play an increas- 
ingly important role in business affairs. 

Viewing the metamorphosis of func 
tion and duty as we progress from the 
lower to the higher levels of manage 
ment, we see in a general way where 
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knowledge and training acquired at 
school can fit in and be of assistance to 
its possessor. At the lower levels, 
scholastic education can provide much 
of the factual knowledge, and especially 
knowledge of technological processes 
and techniques, i.e., knowledge of a 
specific, unequivocal sort. It can also 
provide instruction and elementary 
practice in leadership and in making 
decisions where the situation fails of 
full quantitative statement. But the 
gulf between these acts and those of 
top management in its domain of policy 
may, on occasion, be as great as that 
between freshman physics and a trea- 
tise on wave mechanics. Hence, in the 
climb up the ladder to higher rungs, the 


| effectiveness of textbook and classroom 


learning tapers off, and something 
which probably only Nature can sup- 
ply must take its place, this something 
being developed and guided by experi- 





ence and study. 

The situation is one which finds its 
parallel in the medical and legal fields. 
An ability needed before a practitioner 
of either profession can reach the sum- 
mit in his profession is that of handling 
unusual and uncharted cases. Such 
talent suggests a strong intuition nour- 
ished out of a broad experience. Such 
rare individuals are able to take almost 
completely non-quantitative situations 
and come out with satisfactory, some- 
times brilliant, solutions. Herein lies, 
in large part, the explanation of the 
great difference in earning capacity be- 
tween even good engineers, exact in 
their thinking and in their methods of 
analyzing problems, and the top ranks 
of management, medicine and law. 

Initial recognition has already been 
accorded the fact that the successful 
administrator must long remain a 
learner. It has given birth to the ex- 
cellent arrangement of brief “refresher” 
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(a patent misnomer) courses for those 
who are beginning to accumulate prac- 
tical business experience. How im- 
portant the word “brief” is cannot be 
stressed here. Such a limitation may 
not prove a particular hardship, how- 
ever, since the mind, already condi- 
tioned by growing contact or associa- 
tion with certain practical situations, 
will in a few days acquire a surprising 
amount of cognate information, stimu- 
lus, and inspiration. As the universi- 
ties increasingly search for and codify 
new knowledge, a natural setting for 
such continuing liaisons will spring up. 
And these, in turn, should develop until 
they become the instrument for attract- 
ing to campus conferences business 
men who have attained such industrial 
and intellectual stature as to warrant 
preservation of their ripened experi- 
ence—those who have joined the sages 
and the seers, and in whom the cream 
of wisdom has had time to rise on the 
milk of experience. 


A WorkKING PARTNERSHIP 


The development of medical science 
suggests another standpoint from which 
to view the program that universities 
and business together can conduct in 
the field of managament. Even the 
ablest doctor or surgeon—i.e., ablest 
by natural endowment—would be help- 
less without the vast reservoir of medi- 
cal knowledge made available through 
the medical schools. The parallelism 
of management to this case is sugges- 
tive. Our stores of medical knowledge 
have been fed by two principal springs, 
the research of medical schools on the 
one hand, and the codified experience 
of the abler practitioners on ‘the other, 
but with considerable overlap since 
many of the latter have also served on 
the faculties and as research experts 
at the schools. Hence, in a broad 
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sense, the experience and the knowl- 
edge of both sets of workers have 
merged to create present-day medical 
science. 


Why not vision somewhat the same. 


give-and-take being worked out in the 
departments of management, business 
administration and economics? Un- 
likely as it is that these departments of 
knowledge will ever be organized and 
coordinated to quite the extent that the 
science of medicine has been, they 
should expand under a partnership 
analogous to that which has stimulated 
the growth of the latter science. 

As to which ways and means will 
prove most suitable, experience and 
circumstance may be expected to sup- 
ply adequate guidance. Only one mat- 
ter should perhaps be emphasized, viz., 
that representatives of management— 
like their medical counterpart—should 
be encouraged on every appropriate oc- 
casion to take a broadminded and lib- 
eral attitude toward the release of their 
experience and special knowledge for 
educational purposes. 

But such liaisons between the aca- 
demic and the practical worlds, to be- 
come fully profitable, must provide op- 
portunities for faculty members to 
maintain first-hand contact with prac- 
tical affairs. A consulting practice is 
the appropriate means to this end and 
the conditions under which such prac- 
tices are carried on will vary greatly 
from man to man and from school to 
school. 

Consulting practices will yield a 
knowledge of specific business and 
managerial problems to serve advan- 
tageously as “case” material for class 
discussion and the stimulation of stu- 
dent reading. In many of the courses 
dealing specifically with business ques- 
tions and business techniques, the case 
method of instruction seems ideal. 
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References to it are much more likely 
to be laudatory than not. Indeed, one 
eminent educator connected with 4 
business school went so far as to de 
clare that he could not imagine operat 
ing without it. And the respect ig 
which the case method is held on some 
campuses suggests perhaps a word of 
warning; if it could actually accom 
plish all that its eulogists imply, it 
should follow that the faculty members 
who live with it and bask in its e& 
fulgence would, of necessity, become 
the wisest of administrators and so it 
valuable in the practical world that it 
is doubtful if universities could long 
hold them. 

Projecting the possibilities inherent 
in consulting practices and in the de 
velopment of the case method of im 
struction, one looks forward to many 
ways in which business will benefit 
from an expanding supply of disim 
terested knowledge and ‘counsel. I 
have already mentioned the onght 
phase of business decisions and actions, 
but it will bear reiteration. It lies at 
the root of many of the problems which 
are general throughout the industrial 
world. 

As an example, management today is 
elected or appointea by those whose 
capital is invested in the business. 
Here we meet a projection of the past, 
No matter with how full a measure of 
disinterestedness a management thus 
designed carries out its trusteeship, the 
suspicion of favoritism must attach to 
many of its acts. Yet in fairness to 
itself as well as the other parties at im 
terest, it ought to be ina position to deal 
fairly with all—with labor, consumets 
and public, as well as with the owners. 
Various new complexions of manage 
ment can be suggested, of course, which 
will afford direct expression of the im 
terests of each group, and perhaps if 
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some kind of proportion to the mag- 
nitude of their respective interests. 
Whether progress lies along this line 
or in the direction of higher and dis- 
associated management groups—per- 
haps attached to government bureaus 
—to compromise the conflicting inter- 
ests of owners, labor, consumer and 
public ‘is a question which deserves 
careful analysis and study. 

Here is but an illustrative area in 
which it may be possible to carry out 
exploratory work by methods avail- 
able to university research. 

Many other areas of a general funda- 
mental nature where academic effort 
could be expended with telling effect 
will come to mind and, in fact, are al- 
ready treated as research fields by many 
institutions, though so far as I know 
by no technological schools. _Legisla- 
tion expresses the inability of the in- 
dividual to guide his actions in accord- 
ance with the best interests of the 
group. As the social welfare of the na- 
tion becomes more and more closely 
interwoven with the conduct of busi- 
ness and industry, the temptation to 
safeguard that welfare will express it- 
self in a multiplication of laws directed 
at the regulation of management. And 
if there are rvles of conduct which all 
should obey, and which should operate 
without preference or partiality, the 
province of government is to define 
and enforce them. But it cannot be 
overemphasized that wise guidance of 
political action is vital to the continued 
success of a liberal state. Hence, the 
prosecution of broad investigations into 
such questions as hours of labor, the 
tisks of technological unemployment, 
minimum rates of pay, geographical 
differentials, the philosophy and prac- 
tices of social security, suggest close- 
working liaisons among the schools of 
higher learning, business institutions 
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and government agencies ; all prepared 
to give freely of their experience and 
opinions, while the schools, in so far as 
their research and exploratory pro- 
grams are concerned, undertake to de- 
velop the facilities needed for analysis, 
correlation, and generalization. But 
the liaisons should never take such 
form as to jeopardize in the slightest 
degree full independence of academic 
thought and action. 

Such topics typify the areas of study 
that are common to virtually all cor- 
porate business, large and small. They 
illustrate the abundance of vital topics 
for exploration by competent faculty 
members and groups, and which are 
now largely neglected by schools of 
technology. Only along this road can 
be found safe and sure antidotes to the 
political nostrums at which ignorance 
invariably clutches. 

The approach provided by the popu- 
lar ballot, as exercised at present, is 
almost antipodal to a deeply informed 
and judicial handling of such intricate 
problems. At the heart of much of to- 
day’s anxiety lies the question as to 
whether representative government can 
be so exalted as to make it commensu- 
rate with tasks ahead. If improve- 
ments in representative government 
are found to accomplish this end, they 
will be politica] inventions of the high- 
est order. 

One such improvement can readily 
be pointed to, and all that lacks to bring 
it into existence are competent and 
trained men. There is little doubt that 
the directive and regulatory functions 
of central government are destined to 
grow both in number and in scope. 
Technology supplies a peculiarly rich 
soil for the culture of governmental bu- 
reaus. The evils commenly associated 
which such organizations arise mainly 
from the human limitations of their per- 
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sonnel. Even the iron-clad legislative 
rules under which they operate are an 
expression of these limitations. There 
is urgent need of persons in govern- 
ment employ who possess high native 


ability combined with broad scholastic 


training. In fact, since the basic sup- 
ply of such individuals is all too limited, 
we may be approaching a point at 
which business will have to share with 
government. This could come about in 
part by the power and authority of 
bureau positions acting as a counter- 
attraction to the higher salary levels 
available in business. The program of 
research and advanced study herein 
discussed is therefore. as vital because 
of the way in which it can leaven gov- 
ernment as because of the direct aid it 
can bring to business. 

Assuredly, it will be our national 
good fortune when we can look for- 
ward to a time of serious-minded co- 
operation to replace the open warfare 
now so common between business and 
governmental agencies. Not only is 
truth stranger than fiction but, on the 
whole, it is a great deal more complex, 
and therefore more difficult to under- 
stand. It is increasingly necessary to 
combat the insidious political value of 
high sounding phrases that promise 
security, equality, brotherhood, and 
liberty. All too rarely can socially at- 
tainable goals be set forth in unquali- 
fied terms. Integrity, sincerity and in- 
telligence labor under mounting handi- 
caps. The demagogue will always fool 


some of the people, and hopes for the 
future are based alone upon the spreaf 
of that kind of substantial informatign 
which will whittle away the margin ¢ 
ignorance and emotionalism that he has 
available to work upon. 

However slow it may be in yielding 
its secrets we are on the threshold ofa 
tremendously important field of me 
search—a borderline field that merges 
technology, sociology, political scieng 
and economics. As in most other fields 
of scientific research, many agencigs 
must contribute to progress. Today, 
even many of the crucial facts of bus- 
ness experience are still unrecorded and 
hence uncoordinated. Too many @ 
the approaches to new situations ar 
empirical and haphazard. To the cob 
leges we must look for men with the 
aptitude, the temperament and the lé 
sure necessary to weave inductively the 
philosophical pattern that separates the 
significant and permanent from the 
ephemeral among the data of our it 
dustrial world, and illuminates them s0 
that they become a beacon for wiser 
guidance in the future. 

And though one knows that not for 
years will the picture become sharp and 
adequately revealing, let this not worty 
those who teach. Youth is the age d 
generalities and visions. Many @ 
young man in college dreams dreams 
and conceives ideals which stay with 
him the rest of his life, and humanizg, 
if they do not actually guide, the prot 
ucts of his maturer judgment. 
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Technical Education for Engineers in England 


By W. ABBOTT 
Ministry of Education, London, England (Member S.P.E.E.) 


THE Two Marin Divisions 


The flow into the ranks of profes- 
sional engineers in England is made 
up of two main streams comprising 
(a) the men who complete their edu- 
cation in a university and then acquire 
works experience; and (b) those who 
begin in industry at about the age of 
16 and who acquire their education 
concurrently with works training. The 
number of those in (b) who secure a 
sufficiently high academic qualification 
to be regarded as potential professional 
engineers is somewhat greater than that 
of (a2). Stream (a) is about 1,000 
strong annually, stream (b) about 
1500, making 2,500 potential profes- 
fessional engineers per annum in all 
branches. This flow is regarded by 
many as being inadequate. A com- 
mittee appointed by the last Minister 
of Education, Mr. R.« A. Butler, under 
the chairmanship of Lord Eustace 
Percy, himself a past Minister of Edu- 
tation, surveyed the field of further 
technical education in 1945, and in 
their report recommended that the 
numbers of engineers should be in- 
creased, and that a third stream num- 
bering about 350 should be produced 
via full-time educational courses of a 
technological rather than an academic 
character. 


THE SUPPLY FROM THE 
UNIVERSITIES 
To consider first the university field. 
As is generally known, English uni- 
Versities are independent institutions 
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governed in accordance with the pro- 
visions of Royal Charters or Acts of 
Parliament. Although the universities 
receive grants from the national ex- 
chequer, in varying amounts, and al- 
though the control of these grants is 
vested in a committee of the Treasury, 


nevertheless the universities retain 
their freedom in matters academic. 

There are in England and Wales | 
23 universities, university colleges, or 
colleges providing full-time degree 
courses in Engineering. The length of 
a first degree course is normally three 
years and the period of attendance 
varies from 24 to 30 weeks per year. 
The numbers graduating in Engineer- 
ing in all its branches were in 1939 
between 700 and 800; to this number, 
however, has to be added those stu- 
dents graduating externally in techni- 
cal colleges under the aegis of London 
University and totalling annually be- 
tween 100 and 150; for, under the ex- 
ternal arrangements of London Uni- 
versity only, .unique in the United 
Kingdom, approved colleges can pre- 
pare candidates for external degree ex- 
aminations, and the courses of study 
may be full-time or part-time. 

This pre-war total of something un- 
der 1,000 was more than maintained 
during the war by a State Bursary 
Scheme under which the flow to the 
universities in certain branches of sci- 
ence was stin-ulated by awards of tu- 
ition and maiutenance allowances, un- 
der certain conditions. As a result 
the annual war-time output of gradu- 
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ates in Engineering was of the order 
of 1,250 a year, for the United King- 
dom. The Percy Committee recom- 
mended that this war output should be 


maintained for at least a further ten- 


years. 

The curricula of the engineering 
courses at the various universities dif- 
fer in detail, but they have much the 
same broad content. Undue speciali- 
sation is not encouraged, and although 
the divisions of civil, mechanical and 
electrical engineering are maintained 
in most universities, particularly in the 
third year, there is a strong body of 
opinion leaning towards as common a 
basic course as possible for -all en- 
gineers. This is probably unattainable, 
but it does represent an ideal. There 
is also strong support for deferring 
the treatment of certain subjects, e.g. 
aeronautics, chemical engineering, fuel 
technology, to a post-graduate stage 
(i.e. what would be equivalent to a 
graduate school in the U. S. A.). 

It is common practice for men upon 
completing their university course, par- 
ticularly in Mechanical and Electrical 
Engineering, to enter industry for two 
years to acquire practical experience, 
at the end of which they may regard 
themselves as trained engineers quali- 
fied for a first and junior appointment. 
Not all graduates do this however; 
those who are research-minded may 
elect to take a higher degree with a 
view to entering a research organisa- 
tion direct. It is not in doubt however, 
that works training is invaluable for 
all, whether it is taken prior to or 
after a degree course. 


THE SUPPLY FROM THE TECHNICAL 
COLLEGES 


To consider secondly the other 
stream, made up of men who prefer to 
secure their practical and theoretical 


training concurrently. This is & 
clusively the field of the Technigj 
Colleges. Many of these colleges am 
little inferior in status, if at all, to the 
provincial universities. Technical eb 
leges in England are controlled by loc 
authorities but are financed partly 
from the local rates and partly from 
the national exchequer. They af 
therefore the joint responsibility of the 
State and the local authority, in a 
kind of partnership. 

In engineering, and particularly f in 
mechanical and electrical engineering, 
a system of apprenticeship extending 
over the ages of 16 to 21 is deep rooted 
and traditional in England. The bet 
of these apprentices have in the past 
managed to secure their education by 
evening study in technical colleges im 
the most difficult circumstances. Their 
teachers were commonly drawn from 
the industry itseli—as they still aré 
very largely. These young men have, 
by determination and native ability, 
achieved the highest positions in the 
industry and profession. For such ap 
prentices or learners a scheme has beet 
in operation for some 25 years whieh 
merits attention.. It is a scheme @ 
education sponsored jointly by the 
Ministry of Education and the pro 
fessional engineering institutions, undet 
which a youth in industry may obtait 
a nationally recognised certificate and 
thus achieve professional status. The 
first award, the Ordinary National Cer 
tificate, is obtainable after three years 
of part-time study from the age of 16; 
and the second, the Higher National 
Certificate, requires a further two years 
The standard reached in the Higher # 
that of a pass degree, but of course of 
a narrower educational front. 

The scheme has two cardinal fea 
tures. Firstly, the college courses aft 
framed to take account of the type of 
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requirements of local industry—while 
yet containing a definite minima of 
mathematics and basic science; for ex- 
ample, the bias may lie towards marine 
or automobile engineering, or towards 
dectrical instruments or power gen- 
eration, according to the students’ in- 
dustrial needs. Secondly, the examin- 
ations are neither wholly internal nor 
wholly external, but a combination of 
both; and, moreover, full weight is 
given to course and laboratory work, 
and to work done at home. The stu- 
dent who secures his Higher National 
Certificate is granted exemption by the 
professional engineering institutions 
from their associate membership ex- 
aminations on a subject for subject 
basis. 

This National Certificate scheme has 
the merit of great flexibility ; moreover, 
it places no upper limit on the standards 
achieved by particular colleges in spe- 
cial circumstances, e.g. where generous 
release during the day for college work 
is a feature. 

The two pioneer schemes, in Me- 
chanical and Electrical Engineering, 
have gone from strength to strength 
throughout the years. The number of 
candidates and passes for 1945 were 
approximately : 

Mechanical Engineering : Candidates 
Passes 


Electrical Engineering : Candidates 
Passes 


8,000 
4,800 | 
3,000 
2,000 

These figures are for both Ordinary 
and Higher National Certificates. The 
passes for Higher National Certificates 
alone in both branches were 2,300. 
(This number is swollen by a war-time 
intensive scheme and the average nor- 
mal total would be about 1,500.) 

Not all of these 2,300 will achieve 
positions as professional engineers ; but 
it can be said that they have had the 
basic education for such positions and 
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that the rest depends largely upon 
their own initiative. 

The scheme has been extended in 
recent years in association with the In- 
stitution of Civil Engineers and the 
Institution of Productive Engineers. 
It should perhaps be said that the In- 
stitutions of Marine and Automobile 
Engineers and the Royal Aeronautical 
Society associate themselves with the 
Institution of Mechanical Engineers in 
the general scheme. 

The recent developments in the field 
of Production Engineering are perhaps 
worthy of comment. These had their 
origin in the recognition of the growing 
importance of the problems of manu- 
facture, as distinct from design, and 
the fact that it was realised that only 
a small percentage of Higher National 
Certificate men would be concerned 
later with design. The first task was to 
define the essntials of a production en- 
gineer’s requirements and then to pro- 
vide a training which would cover them. 
The courses devised have a common 
basis of mathematics, applied mechan- 
ics, drawing, and technology, leading 
on to further studies in groups of as- 
sociated subjects, e.g. metrology, jig 
and tool design, machine tools, weld- 
ing ‘technology, foundry practice, 
plastics technology and so on. The 
College workshop is used for ex- 
perimentation rather than manipulation. 

The development of post Higher Na- 
tional Certificate Courses has great 
possibilities. Such subjects as Indus- 
trial Administration, Production Con- 
trol, Motion and Time Study, etc., 
which require some maturity of mind, 
come well at the end of the Certificate 
course and are increasingly popular. 
The additional subjects are endorsed 
on the student’s certificate. 

The virtues of the National Certifi- 
cate scheme are fully recognised by 
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British industry. In recent years the 
practice of the day-time release of 
young workers has been greatly ex- 
tended. This release may be one day, 
two half days, or two days per week; 
alternate weeks ; or one month in three. 


SUMMARY OF THE GENERAL PICTURE 


To summarise, then, technical edu- 
cation for engineers in the United 
Kingdom lies in two clearly distin- 
guished fields. 

On the one hand: the pre-industrial 
university training, followed by, in 
many cases but not all, a period of 
works pupilage. The advantage here 
is that the scientific training can be 
thorough, both wide and deep; the 
disadvantage, that contact with pro- 
ductive industry is deferred over-long. 

On the other hand: the concurrent 
works-college training and education 
over a long period, usually 5 years at 
least. The advantage here is that 
works practice is assimilated during 
impressionable years, while technical 
education is also proceeding; the dis- 
advantage is that the time for edu- 
cations is all too short with the result 
that the treatment of the fundamental 
sciences and mathematics has to be 
adjusted accordingly. 

The first kind of training suits the 
“student” type, i.e. the boy who is at 
home with the abstract, as against the 
concrete. The other kind suits the 
more practically minded youth who 
itches to get to work with his hands 
at about 16 and who learns better if 
the subject has an obvious practical 
application ; it may also better suit the 
late developer. Both types have their 
place in industry, and both require to 
have before them the ultimate goal of 
professional rank and employment. 
The entrants to the professional en- 
gineering institutions are drawn from 
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both streams and contribute effectively 
to a balanced whole. 

The foregoing treats of one block 
only of technical education and train- 


. ing in the United Kingdom, that for 


the potential professional engineer, 
Other interesting sections are, at the 
lower end, the courses for craftsmen, 
supplementary to works training; and 
at the upper, the newer projects for 
advanced work in a particular field, 
e.g. the College of Aeronautics, the 
project for which has already been 
fully reported in the American press, 

Like most English organisations, 
that for the training of engineers is 
neither regimented nor uniform. It 
has the appearance of being loose, un- 
organised, and to some extent un- 
necessarily varied and complex. It 
is probably capable of improvement. — 

One of the principal recommenda- 
tions in the Report of the Percy Com- 
mittee, was that Regional Advisory 
Councils should be established through- 
out the country to co-ordinate the 
technological studies in Universities and 
Technical Colleges; and, further, that 
the Advisory Councils should create, as 
an integral part of the regional ma- 
chinery, Regional Academic Boards of 
Technology composed of the academic 
heads of universities and technical col- 
leges and of members of their teaching 
"staffs. It would be the function of the 
Academic Boards to advise the Gov- 
erning Bodies of the participating in- 
stitutions, and the Regional Advisory 
Councils, on the development and co- 
ordination of higher technological 
studies throughout the region. In- 
dustry would, of course, be repre- 
sented in the regional organisation as 
a whole. 

This recommendation shows the 
trend of opinion and indicates a pos 
sible major line of development in 
technical education generally. 
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The Builders of the Bridge 


The Story of John Roebling and his Son 
By D. B. STEINMAN ~ 
(Published by Harcourt Brace and Company, New York) 


By JOHN CHARLES RIEDEL 


Chief Engineer, Board of Estimate, Member, City Planning Commission, 
City of New York 


The life of a man born in the medi- 
eval walled town of Miihlhausen in 
Thuringia in 1806, during Napoleon’s 
advance into Europe, has been woven: 
into a_fascinating story by the author, 
David B. Steinman, Doctor of Phi- 
losophy, and himself one of the fore- 
most bridge builders of our era. The 
story concerns the designers and build- 
ers of that noble structure, the Brook- 
lyn Bridge, spanning the East River 
between what were the cities of Brook- 
lyn and New York, and now, since the 
creation of Greater New York, the 
Boroughs of Brooklyn and Manhattan. 
The author grew up in the shadows of 
the Bridge and his early life was 
strongly influenced by the majesty of 
the towers, the details of construction, 
the anchorages, the slip joint at mid- 
span, the machinery of the cable rail- 
way and the magic of the radiating 
stays and the strength of the cables. 
Indeed this strong influence led the 
author to his life work, that of a builder 
of bridges. As a partial discharge of 
the debt of inspiration, the biography 
of the Roeblings was written. 

Undoubtedly the debt of inspiration 
was great, if judged by the pages of the 
book. The book is easy to read and 


holds one’s attention constantly. The 
reviewer has .been so strongly im- 
pressed that this outline is written 
with the hope that all young engineers, 
both those in training and those who 
have entered the engineering profes- 
sion, will read and re-read this book 
so that they may absorb the story of 
one of the most fascinating biographies 
that has appeared. Older engineers 
will find the book to be of surpassing 
interest. They will be proud to be 
members of the engineering profession 
which developed men like the Roeb- 
lings, who carried on under the most 
adverse conditions to the successful 
completion of what was described in 
the 1880s:as another Wonder of the 
World. 

The story weaves in the history of 
members of the Roebling family, and 
were it not for the title one would fancy 
that the book was a novel of the most 
pleasing nature. 

John Roebling was one of five chil- 
dren of a talented mother and a stolid, 
phlegmatic father. Four of the chil- 
dren patterned after the father, but 
John possessed his mother’s active 
mind, quick intelligence and nervous 
energy. Through her efforts it became 
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possible for John to receive training 
and education which fitted him for his 
life work. The boy’s early life was 
spent under maladjustments of war- 


torn Europe, but notwithstanding these - 


drawbacks the boy advanced early 
through the public school of Miihl- 
hausen and into the Gymnasium, the 
equivalent of our High School. Here 
he formed the friendship of.a lad who, 
like himself, excelled in mathematics. 
With his friend’s help he prepared for 
the “builder’s examination,” which he 
passed successfully and received an of- 
ficial certificate as a “Baumeister” or 
Master Builder, at the early age of 
fourteen. He never completed his 
courses at the Miihlhausen Gymnasium 
as his interests were centered in mathe- 
matical subjects and technology. He 
had little liking for the Latin and 
Theology of the school curriculum. He 
followed the advice of a former school- 
mate and went to the nearby city of 
Erfurt where he studied at a private 
school conducted by a famous mathe- 
matician. The boy completed his stud- 
ies at Erfurt when he was seventeen, 
and through the sacrifices of his mother 
he went to the foremost engineering 
school in the world at that time, the 
Royal Polytechnic Institute in Berlin. 
While at the Institute he studied under 
the celebrated Professor Eytelwein, 
who was the authority on hydraulics 
and dikes. He also studied founda- 
tions and bridge building under Pro- 
fessor Dietleyn, whose stimulating lec- 
tures on bridge construction fascinated 
John. At the Institute he met and 
studied under the world-famous phi- 
losopher, George Wilhelm Hegel. 
These teachers influenced the thinking 
of John Roebling to a most marked de- 
gree and led to the seeking of a new 
liberty in the land of the future— 
America—“the land of hope for all who 
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_ 1831, for Bremen. John’s mother ac 


are wearied of the historic armory of 
old Europe.” 

John Roebling passed his final ex. 
amination with high honors and re; 
ceived the degree of Civil Engineers 
He was highly trained in mathematics,’ 
engineering and architecture, and was 
also a skilled linguist, a scholar in his? 
tory and an accomplished musician, 7 

Roebling was twenty years old whet 
he began his professional career. Op 
portunities in Germany in the 1820¢ 
were limited. The regime was auto-! 
cratic and private enterprise was prac- 
tically non-existent. He obtained his 
first job as Surveyor and Assistanti 
Engineer with the Prussian Govern-} 
ment on building of roads and small 
bridges in Westphalia. He soon dis- 
‘covered that Germany was no plate 
for new ideas, and after three years of 
work sought to gain new freedom of 
opportunities. There was much un. 
rest in Germany following the Napole- 
onic era and groups of men and women 
were emigrating to America as the 
Land of Hope. A new revolution was 
under way and a new nation wasi! 
born—Belgium. Prussian repressic’ 
bore down again and it was made il-: 
legal for a skilled workman or a trainels! 
technician to leave Germany. The op- 
pression of the government, burden- 
some before, now became unbearablell! 
and Roebling and some of his friends” 
organized a colonizing party to go to 
America. His party was watched con- 
stantly and every move was made with 
the greatest caution and secrecy. He 
had been marked by the police as the 
quiet but ardent ringleader of the lib- 


erals and was saved from arrest only. 


because of the personal respect and 
secret sympathy of the mayor. 

John Roebling and his friends de 
parted from Miihlhausen on May Il, 
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companied the party to Bremen and 
as the vessel was sailing away she suf- 
fered a heart attack from which she 
fid not recover. She lived long enough, 
owever, to receive word that her son 
iad arrived safely in America. The 
voyage to America was prolonged by 
orms, calms and head winds and the 
rival at Philadelphia after seventy- 
x days occurred on August 6, 1831. 

The year 1831 was important in 
xe history and development of the 
United States. The first train to be 
tawn by a steam locomotive was made 
athat year. The Government under 
"resident Jackson had just authorized 
projects for roads, canals and railroads 
amounting to the then staggering sum 
of ninety-six million dollars. The Erie 
Canal had been in operation six years. 
The country was ready to embark on 
large engineering ventures and John 
Roebling believed there were oppor- 
iunities for the exercise of his talents. 
Roebling and his small band of fol- 
lowers remained for several weeks in 
Philadelphia and then left, travelling 
‘hrough the wilderness until they fi- 
mily reached Pittsburgh, then a new 
town. The country was wild and iso- 
‘d. Roebling made a survey of the 
‘country and at length purchased a 
sact of land of 1,600 acres upon which 
* small company settled, and which 
w.s named Saxonburg. Each settler 
had a farm extending from the center 
of the community to the foot of the 
slope, Water Street. Roebling felt, 
however, that land-clearing and farm- 
ing were not the kind of work for 
which he had prepared, although the 
hard outdoor life agreed with him. The 
small company was augmented by an- 
other group of settlers, among whom 
was Ernst Herting, his wife and three 
daughters. One of the girls was Jo- 


hanna Herting, whom Roebling mar- 
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“ried in 1836 and who was an ideal 


wife for the young pioneer. 

In 1837 there was born to the Roeb- 
lings a son, who was named Washing- 
ton Augustus Roebling. Father and 
son were destined to become the 
famous bridge engineers of the nine- 
teenth century. 

For six years John Roebling carried 
on in the little settlement until he felt 
his obligation to his fellow colonists 
had been fulfilled. Through rather 
pathetic but providential circumstances 
he was offered employment on the 
Sandy and Beaver Canal. This was 
followed by engagements to make lo- 
cation surveys for a projected railroad 
across the Allegheny Mountains, and 
it is interesting to note that the pioneer 
location developed by Roebling for the 
State was followed in part for the 
main line of the Pennsylvania Railroad: 
While he was engaged in these surveys 
his active mind was occupied by me- 
chanical inventions which he patented, 
and in engineering works—canals, 
river improvements, portage railroads 
and steam railroads. 

Portage inclines had been devised 
in order to haul cargoes and boats 
over mountains separating navigable 
streams. Hemp ropes were used to 
haul these cargoes and boats, and fre- 
quently the hemp ropes failed, with 
consequent damage. Roebling felt that 
a rope made out of iron wire could be 
made with lessened cost and increased 
strength and efficiency, and the first wire 
rope was made in 1841 for use on the in- 
clined plane railways. The makers of 
hemp rope were much opposed to the 
introduction of wire rope and resorted 
to devious devices to discourage the 
new invention. Roebling made a wire 
rope or cable for use on the inclined 
railway planes of the Pennsylvania 
Canal. The opposition hired a man to 
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cut Roebling’s cable at a splice, ahd 


the cable failed during the test. Fortu- 
nately for Roebling’s reputation, the 
sabotage was discovered by one who 


informed the President of the Pennsyl-. 


vania Canal Commission of the foul 
act. This President, after learning of 
the incident, appointed Roebling as 
Superintendent of the Inclined Plane 
Railway. Thereafter Roebling was able 
to use wire cable with complete suc- 
cess. The wire ropes soon supplanted 
hemp ropes on other canal portage 
railways, thereby reducing costs and 
hazards in carrying boats and cargoes 
over mountains. The village of Saxon- 
burg became the home of the new in- 
dustry, which revolutionized the meth- 
ods of hauling canal boats and portage 
railways. The field of application soon 
widened as new uses were developed. 
' Roebling was now ready for greater 
achievements and the rebellious liberal, 
the poetic dreamer, the optimistic pio- 
neer became a personality of the for- 
gotten past in the new grim, hard, de- 
termined Man of Iron. He became 
the apostle of the power of wire and 
he applied his inventive genius and 
great vision in the design and con- 
struction of a suspension bridge to 
carry an aqueduct across the Alle- 
gheny River at Pittsburgh. The most 
significant feature was the construction 
of the cables in accordance with his 
new ideas. The cables were “solid 
and compact” and the important im- 
provement of a “continuous wrapping” 
of wire around the cables was first ap- 
plied. Roebling also devised and pat- 
ented a new form of anchorage which 
was used in all of the bridges he 
subsequently built. 

Following the success of the sus- 
pended aqueduct or canal he designed 
and built under the most adverse cir- 
cumstances and trying conditions a toll 
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suspension bridge spanning the Monon.| m¥#t¢ | 





gahela River. This bridge was used for] "J. 
all classes of traffic. Roebling first a. +h 


used on this bridge a system of ip Delawar 
clined stays which introduced a strength} gfty yea 
and rigidity that was new to bridge} converte 
building. Dr. Steinman writes con-} way toll 
cerning this: serving 
The anc 

“The necessity of providing adequate} for othe 
stiffening constructions in suspension-} modern 
bridge designs was one of the most im-| “The 
portant lessons that Roebling taught the} ware an 
profession. Earlier spans built by others} for salv 
failed because this essential principle was} molishec 
not realized. And a century later, when} gd ancl 
bridge engineers—over-confident—forgot } the aba: 
the lesson and began to slight this prime physical 
requirement that Roebling had established } way of 
and emphasized, disaster resulted.” “In 1 
, were ta 

The fame of Roebling’s work spread 4. aba 
and engineers from all over the United} squeduc 
States showed marked interest in his gle stre 
accomplishments. He continued with srengtt 
his innovations by the construction off were of 
suspension aqueducts over the Lacka-§ were w 
waxen River for the use of the Dela-§ trial ¢ 
ware and Hudson Canal, then one of § "5 © 
the chief means of transportation. He} poet 
followed by building suspended aque}, ¢,,.. 
ducts over the Rondout near its junc velop 
tion with the Hudson, and subsequent prophe 
ly he constructed the suspension bridge § jeg 
for the Neversink Aqueduct near Pott} Com», 
Jervis. Dr. Steinman writes on page J cable , 


105: fectly £ 


“For seventy years the Delaware and Cyrus 
Hudson Canal served its farsighted pur | "reste 
pose. But, like all other intermediate which 
steps of human advance, the canal and its J connec 
works finally yielded to the inevitable} Europ 
march of progress. On November 5, Roe 
1898, canalboat ‘Number 1107’ was loaded to Tre 
and cleared, and this was the last boat} tablish 
carrying the company’s anthracite to pass § teyoly 
over the canal. Soon thereafter the er wire 
tire bed of the canal, the locks, and other Seiki 
works were sold for a nominal sum @ 
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jvate parties, to be occupied by rail- 
way lines and for other uses. 


canal, the suspension aqueduct over the 
Delaware River at Lackawaxen, although 
fifty years old at the time, was promptly 
converted by its new owners into a high- 
way toll bridge, the bed of the aqueduct 
serving as the roadway for the viaduct. 
The ancient structure, built a century ago 
for other duty, is still in use, carrying 
modern automobile and motor-truck traffic. 

“The other structures of the old Dela- 
ware and Hudson Canal were taken down 
for salvage. Here and there an unde- 
molished lock wall, aqueduct abutment, 
did anchorage and cable, or a section of 
the abandoned canal prism are the only 
physical vestiges of that famous water- 
way of a bygone age. 

“In 1921 some samples of the wire 
were taken out of the old cables left in 
the abandoned ruins of the High Falls 
aqueduct. Laboratory tests showed a ten- 
sile strength even higher than the original 
strength reported by Roebling. The wires 
were of wrought iron, and although they 
were ungalvanized, they showed no ma- 
terial corrosion after their seventy-two 
years of service and exposure.” 


Roebling throughout his life showed 
a far-seeing perception of future de- 
velopments and was a pathfinder and 
prophet of progress. In an article pub- 
lished in the New York Journal of 
Commerce he wrote that a transatlantic 
table was a highly necessary and per- 
fectly feasible project. Four years later 
Cyrus W. Field became actively in- 
terested and began work on the project, 
which took twelve years before a cable 
connection was established between 
Europe and America. 
_ Roebling in 1848 moved his activities 
to Trenton, New Jersey, and there es- 
fablished a manufacturing industry that 
fevolutionized the making of wire and 
Wire rope for many applications in 
Givilized life, such as elevators in apart- 
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“Following the discontinuance of the 


that preceded the secession of the south- 
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ment houses, office and business build- . 
ings; in cableways for transportation of 
logs in the forest of the northwest; in 
haulage in tunnels and mines and 
shafts; in shipping and dredging. It 
is not easy to grasp how much the 
world is indebted to the invention and 
development of wire rope. 

Notwithstanding the many activities 
in which Roebling became interested, 
he constantly looked ahead to the con- 
struction of suspension bridges of larger 
and larger spans, and the opportunity 
came when a railroad suspension bridge 
was projected across Niagara gorge. 
An engineer-contractor contemporary 
of Roebling had undertaken to build a 
railroad suspension bridge across Ni- 
agara and had failed to complete his 
contract. Roebling was called in and 
after four years of work under trying 
conditions completed this first railway 
suspension bridge in the world. Roeb- 
ling wrote at the time that professional 
and public opinion had been averse to 
suspended railway bridges, but that he 
had demonstrated that weight, girders, 
trusses and stays made it possible to 
apply the suspension bridge to railway 
traffic. 

While John Roebling was develop- 
ing a new science in bridge building, 
his son, Washington A. Roebling, was 
growing into manhood and was attend- 
ing the Rensselaer Polytechnic Insti- 
tute, from which he was graduated in 
July 1857 with the degree of Civil En- 
gineer. It is interesting to observe 
that his senior thesis was on “Design 
for a Suspension Aqueduct.” The 
young engineer, following graduation, 
returned to Trenton and took up work 
in the Roebling mill. He assisted his 
father in the erection of a new suspen- 
sion bridge over the Allegheny River 
at Pittsburgh during the trying times 
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ern states. The Allegheny Bridge, 
when it was finished in 1860, was gen- 
erally regarded as the finest in the 
world. 

From 1846 to 1856 the people of 
Cincinnati, Ohio, and of Covington, 
Kentucky, were agitating for a bridge 
across the Ohio River. In 1856 John 
Roebling was called to Cincinnati to 
take over the design and construction 
of a suspension bridge for mixed traffic. 
Financial stresses and adverse weather 
conditions delayed the work of con- 
struction, and with the opening of 
hostilities between the States in 1861, 
all work of bridge building was sus- 
pended. 

Young Roebling enlisted as a private 
in the New Jersey State Militia follow- 
ing the call of President Lincoln for 
75,000 volunteers. Looking for more 
active service, he secured a discharge 
from the New Jersey Regiment and 
immediately enlisted as a private in 
the Ninth Regiment, with which he 
saw action at the front. He advanced 
in rank and within a year was a 
lieutenant. In 1862 Lieutenant Roeb- 
ling was transferred to the staff of 
General McDowell and took up en- 
gineering duties, principally on the de- 
sign and construction of suspension 
bridges for military purposes. He be- 
came a captain in 1863, attached to the 
staff of Major General Warren. This 
assignment led to meeting Emily War- 
ren, his future wife, while she was on 
a visit to her brother, General Warren. 
In 1864 Captain Roebling was pro- 
moted to the rank of Major and Aide- 
de-Camp on General Warren’s staff. 
For his brave conduct before Rich- 
mond, Major Roebling was breveted 
Lieutenant Colonel, U. S. Volunteers. 
Early in 1865, after the fighting was 
over on the front on which he was 
engaged, he was given his honorable 
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discharge from the Army in order f 
go to Cincinnati and assist his father! 
in the work of constructing the suspe 
sion bridge which had been discom 
tinued at the opening of the war, 
March 1865 Washington Robeling was 
given the full brevet rank of Colong, 
U. S. Volunteers, for “gallant ang 
meritorious service during the war?” 

The next two years saw the work d 
building the Cincinnati-Covington sug 
pension bridge continued to completion, 
The bridge was placed in service om 
New Year’s Day, 1867, and created 
favorable comment from all over the 
country and from England. Dr. Stein 
man quotes from a report by the Chief 
Engineer of the United States Army 
covering the history and description of 
the bridge: “It is a magnificent strue 
ture, and one of which the citizens 
of the two cities are justly proud”) 
He also quotes an editorial in & 
gineering, the leading technical journal 
published in England, which recog 
nized the outstanding character of the 
achievement : 


“The largest existing span of a sus 
pension bridge is that of 1057 ft. over the 
Ohio River at Cincinnati, lately com 
pleted from the plans of Mr. John A 
Roebling and under the superintendence 
of his son, Colonel Washington A. Roe® 
ling. This bridge is undoubtedly the 
finest work, structurally and architectur 
ally, of its class.” 


While John Roebling had been busy 
with the construction of the Niagafé 
Suspension Bridge and the suspension 
bridge across the Ohio at Cincinnati, 
he had been giving thought to a still 
greater accomplishment, namely, that 
of spanning the East River separating 
the cities of New York and Brooklyn 
As early as 1852 he proposed such 4 
bridge, but many years passed and the 
Civil War intervened before the matter 
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H developed to the point where the civil 
‘A eaders of Brooklyn met in conference 
"hin a house near what is now Owl’s 
~§ Head Park in Bay Ridge, Brooklyn. 
From that historic meeting developed 
“I the movement, led by Senator Murphy, 
a former Mayor of Brooklyn, and 
William C. Kingsley, a prominent con- 
tractor and leading business man. Leg- 
islation was obtained and in 1867 John 
A. Roebling was appointed Chief En- 
Al ineer of the proposed bridge. The 
work was financed by a company con- 
sisting of the most important citizens 
of New York and Brooklyn. Surveys 
were begun by Roebling in the middle 
of 1867, and shortly thereafter he sent 
his son, Colonel Washington A. Roeb- 
ling, to Europe to make a thorough 
study of the then newly developed 
pneumatic method of sinking caisson 
foundations. He remained for a year 
and visited England, France and Ger- 
many, in which three countries im- 
portant ‘engineering works were in 
progress. 

John. Roebling proceeded with his 
plans and selected the line to City Hall 
Park in New York because it afforded 
the best grades and the best accom- 
modations for traffic. In his initial re- 
port to the Trustees of the Brooklyn 
| Bridge he laid stress upon the wide 
elevated promenade that has become 
famous to millions who have enjoyed 
it through the sixty years that the 
bridge has been in service. In this 
report he also made the revolutionary 
proposal to use steel wire instead of 
iton wire for the cables. This pro- 
voked much discussion, and had any- 
thing gone wrong because of the de- 
cision Roebling’s reputation would have 
been wrecked. Dr. Steinman presents 
on pages 310 and 311 of his book: 


“In his plans for his bridge Roebling 
utilized the cumulative wisdom of all his 
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prior contributions to the art, so as to 
secure rigidity and stability in a measure 
never before attained. Profiting by the 
sad experiences of others whose spans 
had been destroyed by vibrations or had 
been blown down by the wind, the master 
builder developed a design that would 
defy the elements and stand immovable 
through years to come. The features by 
which this énduring resistance was se- 
cured, he described in his classic report: 
‘To guard against vertical and horizontal 
oscillations, and to insure that degree of 
stiffness essential to meet the effect of 
violent gales in such exposed situation, I 
have provided six iron trusses, which run 
the whole length of the suspended floor 
from anchor wall to anchor wall....A 
most effective framing is thus obtained, 
which will be found to possess ample 
stiffness even in the greatest emergency. 
I am not disposed to underrate the great 
force of a severe gale, and I am also fully 
aware that herein lies the great danger to 
all suspension bridges of ordinary design. 
But my system of construction differs 
radically from that formerly practiced, 
and I have planned the East River Bridge 
with a special view to fully meet these 
destructive forces. It is for the same 
reason that, in my calculation of the 
requisite supporting strength, so large a 
proportion has been assigned to stays in 
place of cables.’ 

“Perhaps the most distinctive feature 
of the Brooklyn Bridge is the system of 
inclined stays radiating downward from 
the tops of the towers to the floor of the 
span. The magic of the resulting web- 
like tracery of lines has been the delight 
of artists and poets, and of all who love 
beauty. But these radiating lines. were 
not gratuitously added for artistic effect; 
the genius of Roebling introduced them 
primarily for the critical function of add- 
ing rigidity to the span, and then took 
advantage of the additional load-carrying ° 
capacity which they incidentally supplied. 
This contribution to the strength of the 
bridge was explained in simple terms by 
the designer: “The floor, in connection 
with the stays, will support itself with- 
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out the assistance of the cables. If the 
structure is viewed in this light, it will 
make a different impression upon those 
who are in the habit of associating with 
the idea.of a suspension bridge the pic- 
ture of a free-swinging pendulum... : 
The supporting power of the stays alone 
will be 15,000 tons, ample to hold up the 
floor. If the cables were removed, the 
bridge would sink in the center, but would 
not fall.’ 

“Half a century or more before other 
bridge engineers learned the lesson, Roeb- 
ling’s clear thinking had crystallized the 
basic principle governing the economy 
and rigidity of suspension designs— 
namely, that any desired degree of stiff- 
ness can be secured if one is willing to 
pay for it and, conversely, excessive 
economy in first cost may.mean danger- 
ous reduction in stability. As he lucidly 
expressed it: ‘If a rigid economy was to 
be exercised for want of capital, less 
strength and stiffness might answer. By 
a reduction of weight and of strength, a 
great deal of expensive material and work 
might be saved. But in the same pro- 
portion would the stiffness of the work 
be also decreased, and its safety in the 
case of a great hurricane less insured.’” 


The dominant feature of the finished 
bridge would be two towers which 
would be based on foundations that 
would be laid on solid rock if such 
could be found at reasonable depth. 

Roebling also wrote in his report: 
“The contemplated work, when con- 
structed in accordance with my de- 
signs, will not only be the greatest 
bridge in existence, but it will be the 
great engineering work of this Conti- 
nent and of the age. Its most con- 
spicuous feature—the great towers— 
will serve as landmarks to the adjoin- 
ing cities, and they will be entitled to 
be ranked as national monuments. As 
a great work of art, and as a success- 
ful specimen of advanced bridge en- 
gineering, this structure will forever 


testify to the energy, enterprise, anf 
wealth of that community which shall 
secure its erection.” i 

The general public of New York 
and Brooklyn were incredulous ang 
Horace Greeley of the New York 
Tribune and Mayor Kalbfleisch @ 
Brooklyn expressed doubts that 4 
bridge of such staggering proportions 
could be built. But Roebling stood 
steadfast, his Board of Trustees ex 
pressed their confidence in him, and 
the work went on. 

In the early summer of 1869 a final 
detailed survey was under way. John 
Roebling was taking observations to 
determine the exact location of the 
Brooklyn tower. He was standing on 
a cluster of piles at the rack of the 
Fulton Ferry slip receiving signals 





from his assistant who was on the 
distant New York shore. He was 
oblivious that a ferryboat was enter- 
ing the slip. The fender rack was 
forced against the piles and Roebling’s 
foot was caught and crushed between 
the timbers. Immediate medical and 
surgical attention was given, but lock 
jaw set in, resulting in his death on 
July 22, 1869. Robeling was sixty. 
three years of age when he died. In 
the last few years of his life he felt 
physically spent. “He had exhausted 
his vitality on his unstinted outpouring 
of energy into his work.” 

While the Brooklyn Bridge is the 
finest monument to his memory, ait 
other monument was erected in Tre 
ton in 1908 and the speaker of the 
day said: 


“I am expected, by those having these 
ceremonies in charge, to translate into 
words what the sculptor has so admirably 
expressed in bronze, namely the type and 
quality, the idiosyncrasy of your famot 
fellow townsman. But words are to 
plastic for such a task. As if his nature 
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had been subdued to what it worked in, 
the Iron Master of Trenton was a man of 
jron. Iron was in his blood, and some- 
times entered his very soul... . . John A. 
Roebling as he was, as you knew him, 
head bared to the blows of fortune or the 
storms of heaven, eyes fixed unwaver- 
ingly on whatever object he had in hand, 
poised, confident, unyielding, imperious 
and proud—John A. Roebling is there— 
seated forever on yonder pedestal.” 


With the passing of John A. Roeb- 
ling it seemed that it would be im- 
possible for the bridge to be built. 
Roebling had been its designer but 
was much more. He had furnished 
the inspiration and the vision and had 
conceived the whole and knew every 
part. Dr. Steinman presents on page 
$23: 


“By destiny or prevision the master 
builder had prepared a deputy who was 
indeed a part of himself—his own son, 
Colonel Washington A Roebling. This 
young but able engineer had been trained 
and prepared for this task. He had been 
given the best engineering education of 
the time; he had received his practical 
training under the greatest bridgebuilder 
of his day—his own father; and his own 
judgment, initiative, and courage had 
been tried and tested on the battlefield. 

“For years he had shared his father’s 
professional confidence and labors. They 
had worked together on the construction 
of the Pittsburgh-Allegheny bridge and 
the great Cincinnati span, and the disciple 
had become thoroughly schooled in the 
master’s methods. And in the Civil War 
he had devised and built his own suspen- 
sion bridges under conditions testing both 
resourcefulness and fearlessness. 

“When the elder Roebling began plan- 
ning the Brooklyn Bridge, the son took 
an immediate interest in the great adven- 
ture. He helped his father in the pre- 
liminary studies; and then he journeyed 
to Europe, visiting all the important en- 
gineering and metallurgical works and 
Studying caisson work and the fabrication 
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of the new structural material, steel. 
With the mass of data and information 
he had collected, he returned to America 
to serve as his father’s aide for twelve 
months before the latter’s death. He was 
thoroughly familiar with the plans for 
the bridge, having helped to create them. 

“And, most important of all, Washing- 
ton Roebling had the endowments of 
character and personality that the grave 
responsibility demanded. He had in- 
herited not only his father’s true engi- 
neering instincts but also his concentrated 
devotion and unconquerable tenacity of 
purpose. 

“To this son the great engineer on his 
deathbed turned over the completion of 
the task. The following month—August, 
1869—at a meeting of the directors 
Colonel Washington A. Roebling was 
officially appointed to succeed his father 
as Chief Engineer of the work. 

“Courageously and loyally the son as- 
sumed the gigantic responsibility of carry- 
ing forward the construction of this, his 
father’s greatest dream. To this con- 
secrated task the young engineer gave all 
he had—his health, his strength, his 
career. 

“He resigned as president of the wire 
company at Trenton to devote all his’ time 
and energy to the bridge, and his two 
brothers, Ferdinand and Charles, took 
charge of the wire-rope plant. From 
that day until the job was ended, Wash- 
ington Roebling lived only for the Brook- 
lyn Bridge. 

“But many were the problems, the dif- 


ficulties and the struggles which fell to © 


the young chief engineer during the 
building of the great span. Tragedy, 
stark and grim, marked both the com- 
mencement of the project and its con- 
summation. In the approximately thirteen 
years from the actual beginning of the 
work, when laborers started to clear away 
the site for the Brooklyn tower on Janu- 
ary 2, 1870, to the opening of the struc- 
ture to the public on May 24, 1883, deaths 
and casualties were many. Into the con- 
struction of the monumental span went 
blood, sweat and anguish in equal meas- 
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ure with cement, stone, steel and trea- 
sure.” 


The building of the caissons for the 
towers presented many new, increasing 
and never ending difficulties. Boulders 
were encountered and Colonel Roeb- 
ling resorted to the new idea of blast- 
ing within the caissons. He spent 
many hours and days within the cham- 
bers and at length conquered the many 
difficulties and setbacks which had ap- 
peared. On one occasion the “Big 
Blowout” occurred when the com- 
pressed air suddenly blew out through 
the south shaft. Fortunately no one 
was in the caisson when the accident 
occurred and within a little while work 
proceeded within the caisson. On an- 
other occasion a fire took place in the 
caisson which was so serious that three 
months were required to repair the 
damage. Another incident took place 
when suddenly two supply shafts blew 
out. Colonel Roebling was trapped in 
ihe caisson with several others and due 
to his presence of mind the supply 
shaft doors were closed and order was 
restored. 

During the sinking of the caissons, 
men were obliged to be under air 
pressures sometimes thirty-five pounds 
per square inch, and many became sub- 
ject to attacks of the “bends.” Sev- 
eral fatal cases developed and Colonel 
Roebling did everything that medical 
science of that time could prescribe. 
Colonel Roebling wrote: “The few 
cases of death that have occurred can 
in but two instances be charged to the 
effects of the pressure. It is true that 
scarcely any man escaped without be- 
ing somewhat affected by intense pain 
in his limbs or bones, or by a temporary 
paralysis of arms and legs; but they 
all got over it, either by suffering for 
a few days outside, or by applying the 
heroic mode of returning into the 


caisson at once, as soon as the paing 
manifested themselves, and then com 
ing out very slowly.” In an offical 
report on the progress of the work 
this time he stated: “The labor beloy 
is always attended with a certaig 
amount of risk of life and health, and 
those who face it daily are, therefore, 
deserving of more than ordinary 
credit.” 

Dr. Steinman writes on page 367; 


“One afternoon in the early summer of 
1872 Colonel Roebling had to be carried 
out of the caisson, nearly insensible, a 
victim of the dread caisson disease. All 
night his death was hourly expected, 

“In a few days he rallied and, muster- 
ing all his reserve of strength, he at 
tempted to return to work. But he again 
collapsed and had to be brought home. 

“At the age of thirty-five his days of 
physical exertion were ended. He re 
mained painfully paralyzed—doomed to 
lifelong suffering—with progressive blind- 
ness and deafness setting in, vocal cords 
affected, and every nerve and muscle tor 
tured with pain. 

“Thenceforth this man, who had been 
full of life and hope and daring at the in 
ception of the work, was a crippled in- 
valid, confined to his home. Just as his 
brilliance as an engineer was at its height, 
and just as his masterwork was passing 
its crisis, he was struck down.” 


And again on page 369: 


“His wife was as rare and strong as the 
man she tended. She met the emergency 
by becoming his capable aide. Instead of 
crying hysterically over her husbands 
misfortune and sinking down nerveless 
and helpless into the privileged softness 
of her sex, she set herself at once to the 
task of acquiring the knowledge necessary 
to become a real helpmeet to him in the 
critical situation. Under his guidance she 
studied higher mathematics, the calcula 
tion of catenary curves, strength of ma- 
terials, stress analysis, bridge specifica 
tions, and the intricacies of cable com 
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struction ; and she applied her new educa- 
tion to the problems of the bridge. She 
grasped her husband’s ideas and she 
learned to speak the language of the engi- 
neers. She made daily visits to the bridge 
to inspect the work for the Colonel and to 
carry his instructions to the staff. She 
became his co-worker and his principal 
assistant—his inspector, messenger, am- 
bassador, and spokesman—his sole contact 
with the outside world. 

“But in developing scientific and tech- 
nical skills to meet the emergency, she 
did not sacrifice her womanly qualities. 
She remained the comforting companion 
and tender nurse. As Thomas Kinsella, 
one of the bridge trustees and editor of 
the Brooklyn Eagle, remarked at the 
time: ‘The most abstruse study has not 
interfered with Mrs. Roebling’s minis- 
trations at her husband’s bedside. If he 
is restored to health, it will be largely 
through her patient and intelligent at- 
tendance upon him, and Colonel Roebling 
will be indebted to his noble wife even as 
the people are.’ 

“In the summer of 1873, on his physi- 
cian’s advice, the Colonel went abroad— 
to Wiesbaden—for several months in a 
vain quest to restore his shattered health, 
but on his return he suffered another at- 
tack of acute prostration. 

“During the following years the Chief 
Engineer continued to superintend con- 
struction from his sickroom. An artist 
of the day has left us a drawing, pub- 
lished in a popular magazine, depicting 
the paralyzed bridgebuilder seated at his 
widow, gazing wistfully at the unfinished 
structure in the distance; his field glasses 
rest on the sill; and on a table near by is 
his beloved violin, its strings now mute— 
for never again will the invalid’s fingers 
be able to produce the music he loved. 

_ “The Colonel’s continued planning and 
direction of the work, despite constant 
pain and a nervous collapse which would 
have cut off an ordinary man from mental 
as well as physical activity, was an out- 
standing triumph of consecration and will 
power. His own self-sacrifice inspired 
the most devoted loyalty in the corps of 
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engineers about him, and they directed 
all their energies to carrying out his 
wishes. Not the slightest advantage was 
ever taken of his illness to deviate from 
the letter or spirit of his plans; and 
Colonel Roebling, physically helpless, 
away from the work, always remained 
complete master of the enterprise. Like 
a wounded general who directs a battle 
from a hilltop, Washington Roebling is- 
sued his orders and superintended the 
completion of the bridge. 

“Through field glasses, he watched the 
building of the towers and later the 
stringing of the cables. Though he was 
absent in body, it was still his spirit that 
prevailed and his brain that directed the 
work. The bridge was his—by right of 
inheritance, by his own labors, and by his 
own sacrifice.” 


Colonel Roebling was not only beset 
by physical hardships during the en- 
suing years but he was confronted 
with political corruption, civic jealous- 
ies, lack of funds, injunction proceed- 
ings and dishonest contractors. The 
two towers required five years to build, 
one year of which was consumed in 
sinking and filling the foundation and 
four years in completing the masonry. 

The preparatory work for cable spin- 
ning was begun in the summer of 
1876. The story of the spinning of the 
cables is one of entrancing interest 
and carries one from the early work 
in 1876 to 1878. The spinning of the 
cables was completed in October 1878 
and then the tedious work of drawing 
all the strands of a cable together to 
a true cylindrical form by means of 
powerful squeezers was begun. The 
cable wrapping was then applied. 

Many of the people of New York 
showed their opposition to the work 
by opposing an increased appropriation 
required to complete the bridge, and 
controversy and litigation arose which 
required many months to settle. How- 
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ever, the differences were all settled 
and in December 1881 the floor beams 
were completed and Mrs, Roebling, the 
assistant engineers and eleven of the 


trustees walked across the span on a 


footpath of planks. 

It developed in 1881 that about one 
thousand tons of additional steel would 
be needed as a result of changes in de- 
sign required to permit a train of 
heavy railroad cars to cross the bridge. 
Again there was a storm of criti- 
cism and the Engineering News, the 
country’s leading construction journal, 
published a vigorous editorial defend- 
ing the engineering project, as follows: 


“The cost of a few additional tons of 
steel, over which the shortsighted are 
howling as an evidence of mistaken cal- 
culation, is in reality but a healthy out- 
growth of expanded ideas of the im- 
portance of this structure. In the four- 
teer years which have elapsed since the 
bridge was designed, enormous strides 
have taken place, and are now taking 
place daily, in the volume, weight and 
character of railroad intercommunication. 
Such things, for instance, as Pullman 
cars, weighing over thirty tons, had never 
been thought of at that day. The bridge, 
when designed, was in advance of the 
highway bridges of the day, but its pur- 
pose was but that of a highway bridge. 
City travel, as then conducted, required 
cars of but two or three tons weight. 
Without any disparagement to the talents 
of the elder Roebling, we believe that it 
is entirely owing to what the Times is 
pleased to consider as the stupidity of the 
present engineers, that the structure will 
be capable of withstanding all the strain 
which by any possibility it can be sub- 
jected to; and when completed we are 
confident it will reflect the greatest credit 
upon all who have been instrumental in 
perfecting it, with an eye to its future 
needs and in disregard of the ‘clamors 
which it might provoke.” 
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Charges were brought by the enemies 
of the project and Colonel Roebling 
wrote in June 1882 to the Board 
Trustees, in answer to a request that 
he appear before them: 


“T am not well enough to attend the 
meetings of the Board, as I can talk for 
only a few moments at a time, and can 
not listen to conversation if it is com 
tinued very long. My physicians hope 
that living out of doors and away from 
the noise of a city may lessen the irrita- 
tion of the nerves of my face and head, 
I am now able to be out of my room oc 
casionally. I did not telegraph you be 
fore the last meeting that I was sick and 
could not come, because everyone knows 
I am sick, and they must be as tired as I 
am of hearing my health discussed in the 
newspapers. ; 

“T believe there is not a day that I do 
not do some sort of work for the Bridge, 
. . . My assistants do the work assigned 
to them with perfect confidence that they 
can always refer to me for any advice or 
assistance they need. The work to be 
done this summer is very plain routine. 
There is nothing to be done that has not 
been done before, and the interests of the 
Bridge do not suffer in any way from my 
not being there. If the Edgemoor Iron 
Company will furnish the steel as fast as 
we need it, the work will go on all right 
and without delay. 

“Tt is very important that authority be 
given me at your next meeting to adver- 
tise for the iron for the elevated termini, 
the spruce planks for the floors, the steel 
rails for the tracks on the Bridge, and the 
paint. Specifications for all these things 
are now ready, and they should be ob 
tained as soon as possible, so that they 
may be ready when we want to use them. 

“I shall be most highly honored to be 
present at meetings of the Board as soon 
as I am well enough to be of any usé 
there.” 


The Board of Trustees considered 
a proposal to supplant Colonel Roeb- 
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jing as Chief Engineer but did not act 
upon the proposal. Colonel Roebling 
through his wife appealed to the Ameri- 
can Society of Civil Engineers, then 
jn session, and through the eloquence 
of her appeal the backing of the pro- 
fession was secured and the confidence 
of the public won. 

The work was completed and the 
formal opening arranged for May 24, 
1883. The work had required 13 
years to build and it had cost over 
twenty lives. “Orators and writers 
paid their tributes to the significance of 
the achievement. It was hailed as a 
mighty engineering feat—the longest 
span in the world—the longed-for link 
between New York and Brooklyn— 
the promise of a Greater New York.” 

The paralyzed engineer watched the 
celebration through his field glasses 
and could only read the next day the 
dedication of the orator, the Honorable 
Abram S. Hewitt, later Mayor of New 
York. He said: 


“When we turn to the graceful struc- 
ture at whose portal we stand, and when 
the airy outline of its curves of beauty, 
pendent between massive towers sugges- 
tive of art alone, is contrasted with the 
over-reaching vault of heaven above and 
the ever-moving flood of waters beneath, 
we are irresistibly moved to exclaim, 
‘What hath man wrought!’ 

“Man hath, indeed, wrought far more 
than strikes the eye in this daring under- 
_ taking, by the general judgment of engi- 
heers, without a rival among the wonders 
of human skill... . 

“But the Bridge is more than an em- 
bodiment of the scientific knowledge of 
physical laws. It is equally a monument 
to the moral qualities of the human soul. 
It could never have been built by mere 
knowledge and scientific skill alone. It 
required, in addition, the infinite patience 
and unwearied courage by which great 
results are achieved. It demanded the 
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endurance of heat, and cold, and physical 
distress. Its constructors have had to 
face death in its most repulsive form. 
Death, indeed, was the fate of its great 
projector, and dread disease the heritage 
of the greater engineer who has brought 
it to completion. The faith of the saint 
and the courage of the hero have been 
combined in the conception, the design 
and the execution of this work. 

“Let us, then, record the names of the 
engineers who have thus made humanity 
itself their debtor for a successful achieve- 
ment, not the result of accident or chance, 
but the fruit of design, and of consecra- 
tion to the public weal. They are: John 
A. Roebling, who conceived the project 
and formulated the plan of the Bridge; 
and Washington A. Roebling, who, in- 
heriting his father’s genius, and more 
than his father’s knowledge and skill, has 
directed this great work from its incep- 
tion to its completion. .. . 

“During all these years of trial, and 
false report, a great soul lay in the 
shadow of death, praying only to stay 
long enough for the completion of the 
work to which he had devoted his life. 
I say a great soul, for in the springtime 
of youth, with friends and fortune at his 
command, he braved death and sacrificed 
his health to the duties which had de- 
veloped upon him, as the inheritor of his 
father’s fame, and the executors of his 
father’s plans. .. . 

“But the record would not be complete 
without reference to the unnamed men by 
whose unflinching courage, in the depths 
of the caissons, and upon the suspended 
wires, the work was carried on amid 
storms, and accidents, and dangers suf- 
ficient to appall the stoutest heart. 

“One name, which may find no place 
in the official records, cannot be passed 
over here in silence. With this Bridge 
will ever be coupled the thought of one, 
through the subtle alembic of whose brain, 
and by whose facile fingers, communica- 
tion was maintained between the direc- 
ting power of its construction and the 
obedient agencies of its execution. It is 
thus an everlasting monument to the self- 
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sacrificing devotion of woman. The name 
of Mrs. Emily Warren Roebling will thus 
be inseparably associated with all that is 
admirable in human nature, and with all 
that is wonderful in the constructive 
world of art.” 


One after the other the following speak- ; 


ers added their words of acknowledgment 
and praise. From one who had been 
intimately identified with the bold enter- 
prise from its inception, the Honorable 
William C. Kingsley, the hushed audience 
heard the story of the planning and the 
building, the heroism and the sacrifice: 
“With one name, this Bridge will al- 
ways be associated—that of Roebling. 
At the outset of this enterprise we were 
fortunate to secure the services of John 
A. Roebling. . . . While testing and per- 
fecting his surveys . . . the man who 
designed this Bridge lost his life in its 
service. He was succeeded by his son, 
Colonel Washington A. Roebling. . . . 
Down in the earth, and under the bed of 
the East River . . . within the caissons 
. always on hand at the head of his 
men to direct their efforts and to guard 
against any mishap or mistake which 
might have proved disastrous. . . . Colonel 
Roebling contracted the mysterious cais- 
son disease. .. . For many long and weary 
years this man, who entered our service 
young and full of life, and hope, and dar- 
ing, has been an invalid, confined to his 
home. He has never seen this structure 
as it now stands, save from a distance. 
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. .. But every step of its progress he has 
directed. . . . Colonel Roebling may never 
walk across this Bridge, as so many of 
his fellowmen have done today, but while 
this structure stands all who use it will 
be his debtors.” 


Dr. Steinman concludes this most 
interesting story of the Builders of the 
Bridge with the following: 


“Twenty-five years later a monument 
is being unveiled to the master builder, 
John A. Roebling. Many thousands are 
gathered to honor the memory of the 
man. An orator is speaking. The vast 
audience is hushed, as his words find an 
echo in every heart. In inspired elo- 
quence, linking the magic of the Bridge 
with the personality and genius of its 
creator, the speaker pays Humanity’s 
tribute: 

“Yes, Brooklyn Bridge is beautiful. 
All the latent poetry of the mathema- 
tician—and in its highest reaches mathe- 
matics becomes divinest poetry; all the 
aestheticism of the architect; all the 
musician’s sensitiveness to harmony; all 
the mysticism of an idealist philosophy; 
whatever of faith, feeling, reverence John 
Roebling cherished in his heart, was here 
voiced like-a ringing cry. As if con- 
scious of his pending doom, his genius 
stands embodied in this form—an aspita- 
tion visible—a soul’s bid for immor- 
tality.’ ” 





Sections and Branches 


The members of the Kentucky Sec- 
tion of S.P.E.E. were recently polled 
concerning their desire to continue as 
a Section of the Society under the pro- 
posed new constitution. The member- 
ship voted almost unanimously to dis- 
band as a section and to join officially 
with the Southeastern Section under 
the new constitution. 

The Kentucky Section, therefore, dis- 
banded on April 26, 1946. Unex- 
pended funds in its treasury amount to 
$3.70 were turned over to the Treas- 
urer of the Southeastern Section. 

F. L. WILKINSON, JR., 
Ex-Chairman Kentucky Section. 


The New England Section has 
planned its fall meeting to be held at 
Norwich University, Northfield, Ver- 
mont, on Saturday, October fifth. 

Car_Tton E. Tucker, 
Secretary. 


The fall meeting of the North Mid- 
West Section will be held on October 
18 and 19, 1946, at Iowa State Col- 
lege. The officers and executive com- 
mittee of the section are now as 
follows : 


Chairman: L. O. Stewart, Iowa State 
College 

Vice-Chairman: O. Neil Olson, Mar- 
quette University 


Secretary-Treasurer: E. H. Ohlsen, 
Iowa State College 
Board Members: 
Gordon F. Tracy, University of 
Wisconsin 
L. A. Rose, Michigan College of 
Mining and Technology 
R. W. French, University of Min- 
nesota 
J. W. Howe, State University of 
Iowa 
L. O. STEWART, 
Chairman. 


The officers of the Southeastern 
Section elected for the next year are 
as follows: 


Chairman: Joseph Weil, University of 
Florida 

Vice-Chairman: Fred J. Lewis, Van- 
derbilt University 

Secretary: H. G. Haynes, The Citadel 


The section accepted the invitation 
of the University of Louisville to hold 
their next meeting in Louisville. 

23 colleges in the S. E. Section were 
represented as well as four colleges out 
of the section. The total registration 
was 92. 

H. Gate Haynes, 
Secretary. 
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COLLEGE NOTES 


C. A. Joerger, University of Cin- 


cinnati faculty member since 1913, 
becomes Dean of the College of En- 
gineering September 1, 1946, after 
serving as Acting Dean from March 
1 through August 31, succeeding Rob- 
ert C. Gowdy. Dr. Gowdy will be on 
leave of absence during the six months 
period, retiring September 1 because of 
poor health. Professor Joerger is a 


' graduate of Stevens Institute, Hoboken, 


New Jersey, and taught in the En- 
gineering College of Harvard Univer- 
sity before coming to Cincinnati where 
he has been head of the department of 
mechanical engineering. 

Professor Howard K. Justice, Uni- 
versity of Cincinnati graduate and fac- 
ulty member since 1921, effective 
March 1, 1946, was named to a new 
position of Assistant Dean and Direc- 
tor of Admissions in the College of 
Engineering. 


The reorganization of the depart- 
ment of petroleum engineering at the 
Colorado School of Mines as the de- 
partment of petroleum production en- 
gineering and the department of pe- 
troleum refining engineering has been 
announced by Ben H. Parker, presi- 
dent of the school. 

Heading the department of petro- 
leum production envineering will be 
Clark F. Barb, now head of the de- 
partment of petroleum engineering and 
director of the petroleum research be- 
ing conducted at the school under the 
Colorado Industrial Development Re- 
search program. 

James O. Ball, associate professor 
of petroleum engineering since 1938, 


has been named head of the new de 
partment. of petroleum refining engi- 
neering. 
A new vice-presidency of Cornell 
University was created by the Board 
of Trustees at its spring meeting, to he 
filled by Dean S. C. Hollister of the 
College of Engineering. Dean Hol 
lister will continue as head of the Cok 
lege of Engineering while assuming 
new administrative duties. As a vice 
president of Cornell, he will be in 
charge of University development. 


The University of Iowa announces 
the 1946 Management Course devoted 
to production planning, plant layout, 
motion and time study, wage incentives 
and related subjects, June 10 to June 
28. 

This is an intensive course intended 
for plant managers, foremen, industrial 
engineers, methods and time study 
analysts, cost accountants, and office 
executives, to be held in Iowa City. 

The main objective of American in- 
dustry has been to make a better prod- 
uct at a lower cost. Ever-increasing 
productivity per man-hour has enabled 
us to reduce selling price, improve 
quality, and pay higher wages in this 
country. 

If we are to continue in this direction 
industry must use its manpower more 
effectively than ever before, utilizing 
the best methods and equipment, plan- 
ning and controlling production care 
fully, measuring the operator’s pro 
ductivity accurately and paying the 
worker in proportion to the product he 
turns out. 

Management in this country can pro 
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duce a better product at a reasonable 
cost, and the public has the purchasing 
power to buy the goods produced. If 
all industry could but use the best man- 
agement methods available we could 
attain a level of productivity undreamed 
of by most people. 

Great advances have been made in 
management methods and techniques in 
recent years and it behooves every or- 
ganization to understand and practice 
these better methods. 

The summer Management Course at 
the University of Iowa, now in its 
eighth year, is held especially for people 
in industry interested in production 
planning, plant layout, motion and time 
study, wage incentives and other re- 
lated subjects. The purposes of the 
course are: 

1. To show how production plan- 
ning can be coordinated with the vari- 
ous activities of an organization. 

2. To provide full understanding of 
the fundamentals of motion and time 
study. 

3. To present opportunities for coun- 
seled application of the principles of 
production planning and motion and 
time study to individual industrial 
problems in the Industrial Engineering 
Laboratory. 

4. To demonstrate ways of institut- 
ing training programs in factories and 

es. 

5. To provide unexcelled opportunity 
for discussion of problems common to 
varied industries relative to production 
planning, motion and time study, and 
wage incentives. 

6. To provide instruction in organ- 
izing and presenting ideas orally. 

The course will be held under the di- 
rection of Ralph M. Barnes, Professor 
of Industrial Engineering at the Uni- 
versity of Iowa, and will be conducted 
in much the same way as in past years. 
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The course runs from 8:00 a.m. to 5:00 
p.m. each day with forenoons devoted 
to lectures and discussions and the 
afternoons to laboratory and project 
work. Professor Barns will be as- 
sisted by members and engineers from 
industry and by members of the Uni- 
versity staff. 


Expenses 


Tuition and Fees 

Tuition and Laboratory Fee. .$150.00 
This includes textbooks, materials 
and supplies, printed forms, and re- 
prints of articles and papers. 

Living Expenses (room only) 
University dormitory facilities will 
be available for those wanting such 
accommodations. Rates are as fol- 
lows: 

Single room for three weeks. . $22.50 
Double room for three weeks 
(per person) 15.00 
Hotels in Iowa City are crowded but 
some rooms will be available. Rates 
—$3.00 to $4.00 per day. 
Noon meal Monday through Friday 
during three-week course. .. .$15.00 
Inasmuch as the weekday luncheon 
meetings are a part of the course, 
the University Dining Service will 
serve the noon meal. : 


Registration 


Advance registration for the course 
is required, enrollment will be limited. 
and applications will be accepted in the 
order of their receipt. Registration and 
communications concerning the course 
should be sent to Ralph M. Barnes, 
College of Engineering, University of 
Iowa, Iowa City, lowa. 

It is expected that those attending 
will be college or university graduates, 
or their equivalent, since persons of 
this general level will benefit most from 
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the course. No certificates or records 


of previous training will be required 
of applicants unless they desire college 
credit for the course. 

Tuition and laboratory fee for the 
three-week course is $150.00, payable 
at the University Business Office on 
June 10, 1946. d 


The Physics and Electrical Engi- 
neering Departments of the Agricul- 
tural and Mechnical College of 
Texas announce a graduate confer- 
‘ence on Electron and Ion Ballistics 
June 24 to July 6, 1946. Dr. L. Mar- 
ton, of the Division of Electron Optics 
of Stanford University will lecture the 
first and second weeks of the confer- 
ence and Dr. J. A. Hipple, of the 
Westinghouse Research Laboratories, 
will lecture the second and third weeks. 
The conference is intended to acquaint 
research physicists and engineers with 
some of the more advanced phases of 
contemporary theory determining the 
movement of electrons and ions in 
modern electronic equipment, especi- 
ally mass spectrometers and electron 
microscopes. 

Persons desiring further information 
on the conference are invited to write 
J, G. Potter, Head, Department of 
Physics, or M. C. Hughes, Head, De- 
partment of Electrical Engineering, Ag- 
ricultural and Mechanical College of 
Texas, College Station, Texas. 


The University of Texas has re- 
cently established a new research lab- 
oratory known as the Defense Re- 
search Laboratory, which is one of a 
series of such organizations in uni- 
versities and in industry operating un- 
der a Section T contract with the 
Bureau of Ordnance. Fundamental 
problems relating to certain forms of 
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guided missiles comprise the research 
goal of the new organization. 

Major fields of research which ar 
combined in the work of the Defeng 
Research Laboratory are electronics, 
chemistry, optics, thermodynamics, 
acoustics and mathematics. 

Dr. C. P. Boner, Professor of 
Physics at the University, who has 
been on leave of absence as Associate 
Director of the Underwater Sound 
Laboratory of Harvard University, is 
the Director of the Defense Research 
Laboratory. Dr. M. J. Thompson, 
Professor of Aeronautical Engineering 
at the University, who has also been 
on leave of absence as Group Super 
visor for Aerodynamics at the Applied 
Physics Laboratory, Johns Hopkins 
University, is the Associate Director. 
The research staff includes members 
of the University academic staff from 
the College of Engineering and the De 
partments of Physics, Chemistry and 
Mathematics. This group is aug- 
mented by additional full-time research 
staff members who are being recruited 
from other laboratories engaged im 
similar research. The staff numbers 
approximately 75 people. 

The Laboratory is housed in two 
University buildings formerly used as 
athletic dormitories. These buildings 
have been reconditioned and extended & 
for Laboratory purposes. Equipment 
has been supplied by the Bureau of 
Ordnance largely from available sur 
plus stocks. 

Members of the Society for Promo 
tion of Engineering Education, who 
are staff members of the Defense Re 
search Laboratory, include: M. J. 
Thompson, M. V. Barton, Dama 
Young, B. E. Short, H. E. Brown and 
M. L. Begeman. 
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Virginia Polytechnic Institute. A 
committee of the engineering faculty 
has prepared an illustrated manual for 
engineering instructors entitled “Effec- 
tive Teaching,” Engineering Extension 
Bulletin No. 42. Written with an 
economy of words and in the language 
of the engineer, it presents in a clear 
and forceful manner the essentials of 
good instruction, as well as some 
thought-provoking ideas on education 
in general. 

The introduction is given to the con- 
sideration of the objectives of engineer- 
ing education, and to just what type of 
training a student should have in order 
to perform properly his duties as a 
professional man, and to take his right- 
ful place in a very complex social and 
economic order. The body is divided 
into five parts as follows: Designing 
the Course; Planing the Individual 
Lesson; Teaching Aids and How to 
Use Them; Teaching the Class; and 
Critique of Your Work and Methods. 
At the end is a Course and Instruction 
Rating Sheet to be used in having the 
students rate the instructor on the ef- 
fectiveness of his teaching. 

This manual was prepared primarily 
for the benefit of the V.P.I. staff but, 
in the interest of engineering educa- 
tion, it is being made available to other 
colleges interested in raising their 
standards of instruction. The first 
copy is sent free but a charge of ten 
cents each is made for additional copies 
to cover the cost of printing. Requests 
for copies should be sent to Earle B. 
Norris, Dean of Engineering, V.P.1., 
Blacksburg, Virginia. 
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The Summit Corporation, Scranton, 
Penna., was recently organized to carry 
on fundamental research in the fields 
of electrical, mechanical, and chemical 
engineering, and electronic physics. 
Otto J. M. Smith is the chief electrical 
engineer of the new corporation. 


Dean Frederick M. Feiker, Chair- 
man, Division of Engineering and In- 
dustrial Research of the National Re- 
search Council announces the appoint- 
ment of Louis Jordan as Executive 
Secretary of the Division. Mr. Jordan 
has, recently been Executive Secretary 
of the War Metallurgy Committee and 
Head Technical Aide, War Metallurgy 
Division of NDRC. 

This appointment of an experienced 
research administrator as Executive 
Secretary of the Division of Engineer- 
ing and Industrial Research is in line 
with the plans of the National Re- 
search Council to augment the perma- 
nent staff of its technical divisions so as 
to be better able to continue, in the © 
post war era, the leading part - the 
Council has played during World War 
II in organizing and coordinating re- 
search activities of interest to govern- 
mental, industrial and educational in- 
stitutions. . 


. ERRATA 


In the February 1946 year book, 
R. R. Seeber was listed as Professor 
and Head of the Department of Mathe- 
matics and Mechanics at the Univer- 
sity of Minnesota. Professor Seeber 
holds this position at the Michigan 
College of Mining and Technology. 








The Measurement and Guidance Project in Engineer 
ing Education—A Report of Progress and Plans 


By K. W. VAUGHN, Director 


INTRODUCTION 


The Measurement and Guidance 
Project in. Engineering Education has 
been conducted during a period when 
higher education has undergone many 
changes. In July, 1943, when the 
Project began operation, colleges of 
engineering were enrolling classes fair- 
ly typical of previous years. Selec- 
tive Service and war industry had 
made certain inroads on the student 
population but, in the main, classes 
were generally representative of pre- 
vious years. Shortly, however, civil- 
. ian engineering students were replaced 
largely by Army and Navy trainees 
who were accompanied by curricula 
superimposed by the Armed Forces. 
These programs too gave way with the 
cessation of hostilities. The current 
class of high school graduates, veter- 
ans, and the backlog of those whose 
educational programs were interrupted 
by the war are now filling college class- 
rooms with unprecedented numbers. 
Colleges which only yesterday mourned 
the loss of students are now faced with 
the difficult problems of housing and 
teaching the large number of students 
who apply for admission. What ‘has 
the Measurement and Guidance Pro- 
ject accomplished during this period of 
rapid change? How can the Project 
assist in the solution of the difficult 
problems in the postwar period? 


This report summarizes the accom 
plishments of the Project and presents 
plans for its continuance and extension, 
The review of the work of the Project 
includes a discussion of the examina 
tions constructed and a summary of 
the number of students tested in co 
operating institutions. The plans for 
the future conduct of the Project pro- 
vide for the extension of the system of 
guidance and achievement examina- 
tions, continuance of the program of 
research into the effectiveness of the 
various examinations constructed, and 
a series of reports which will bring the 
accomplishments of the Project to the 
attention of engineering educators. 


A REVIEW OF THE WorK OF 
THE PROJECT 


The statement of purpose of the 
Project approved by the Engineers’ 
Council for Professional Development, 
the Society for the Promotion of En- 
gineering Education, and the Carnegie 
Foundation for the Advancement of 
Teaching defined the work of the 
Project as primarily concerned with 
the development and refinement of 
guidance examinations for engineering 
students. Guidance tests were pro 
posed for freshman students and for 
end-of-year sophomore engineering stu- 
dents. This first phase of the work is 
nearing completion. 
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The series of freshman entrance ex- 
aminations were first constructed and 
studied. This series of tests, the Pre- 
Engineering Inventory, was first used 
in the fall of 1942. Revised for the 


third time late in the summer of 1944, 
the Inventory has been administered 
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to more than 35,000 individuals. Table 
1 lists the names of all institutions 
which have cooperated formally in the 
Project during the period July 1, 1943 
to June 1, 1946. More than 15,000 
students and others not enumerated in 
Table 1 have taken all or part of the 


TABLE 1 


NUMBER OF STUDENTS TESTED IN COOPERATING COLLEGES OF ENGINEERING* 
July 1, 1943 to June 1, 1946 








Institution 


1943-44 





Alabama, University of 

Brooklyn College 

Brooklyn, Polytechnic Institute of 
California Institute of Technology 
California, University of (Berkeley) 
California, University of (Los Angeles) 
Carnegie Institute of ‘Technology 
Case School of Applied Science 
Detroit, University of 

General Electric Company 

Georgia Schooi of Technology 
Illinois Institute of Technology 
Illinois, University of 

Iowa, State University of 

Louisville, University of 

Maine, University of 

Massachusetts Institute of Technology 
Michigan College of Mining and Technology 
Michigan, University of 

Newark College of Engineering 
New Mexico College of A. & M 
North Carolina State College 
Northwestern University 

Oklahoma A. & M. College. 

Oregon State College 

Purdue University 

Renssalaer Polytechnic Institute 
Rose Polytechnic Institute 

Stanford University 

Tennessee, University of 

Texas, University of 

Toronto, University of 

Tufts College 

Tulane University of Louisiana 
Wayne University 

Wyoming, University of 


55 


197 
388 


47 
273 


326 
559 
633 

19 
850 
136 

46 


733 
452 
24 
103 
135 
1,115 


321 321 
63 345 
153 
51 68 119 








1,703 6,208 12,307 | 20,218 














* Does not include approximately 15,000 others not classified as students in cooperating 


institutions. 
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Pre-Engineering Inventory. These 
students were tested under varying cir- 
cumstances, primarily in connection 
with the training programs of various 


branches of the Armed Services, and . 


are not classified as regular freshman 
engineering students. 

The records for all of these individu- 
als are carefully preserved in the Proj- 
ect files and serve as a reservoir of 
data for research purposes. As rapid- 
ly as time and funds permit, the Proj- 
ect Staff is completing analyses of these 
data. The preliminary researches into 
the effectiveness of the Inventory for 
purposes of predicting success in the 
first year of engineering study provided 
the basis for two revisions of these 
tests; future forms of this series of 
tests will be based on the outcomes of 
research now in progress. 

The second series of tests, the Sopho- 
more Achievement Tests for Engineer- 
ing Students, are now in experimental 
form. These tests were developed by 
the Measurement Committee represent- 
ing the cooperating colleges. Tests in 
engineering drawing, mathematics, 
physics, inorganic chemistry, and Eng- 
lish have been prepared for experi- 
mental trial and will be administered 
in representative colleges during the 
present academic year. It is expected 


- that the final forms of these tests, com- 


plete with tentative norms, will be avail- 
able for the use of cooperating institu- 
tions by September 1, 1946. The first 
nationwide administration of these tests 
will be conducted in February or 
March, 1947. ; 

In summary, the work of the Proj- 
ect has been concerned primarily with 
the development and construction of the 
tests in the two series described above, 
the reporting of test results to the co- 
operating colleges, and the conduct of 


researches into. the effectiveness of the 
Pre-Engineering Inventory. The re 
finement of the Inventory, the reporting 
of test results, and a large part of the 
reséarch work have been completed on 
schedule. The achievement tests were 
postponed one year in view of the 
uncertain conditions prevailing in 1945, 


PLANS 


Since its beginning, the Measure- 
ment and Guidance Project has been 
handicapped by the irregular condi- 
tions in engineering education. Atypi- 
cal classes, heavy losses of students to 
the Armed Services, and many other 
abnormal conditions have contributed 
to the difficulties of studying the edu- 
cational progress of engineering stu- 
dents. Few freshmen were permitted 
to complete the third or fourth sem- 
esters of study, and colleges frequently 
protest that the curricula offered dur- 
ing the war years were not typical of 
that which had been offered before the 
war; hence the studies of prediction 
conducted during the wartime period 
may have decided limitations for peace- 
time purposes. While these studies 
have thrown important light on the 
problems of measurement for prediction 
of success in the college of engineering, 
considerable work must be done to 
determine the extent to which these 
preliminary findings pertain to engi- 
neering education under normal con- 
ditions. 

With these facts in mind, the Project 
Staff has outlined plans whereby the 
Project may be conducted ona con- 
tinuing basis, These plans are pre- 
sented under appropriate headings in 
the following paragraphs. 


The Pre-Engineering Inventory 


Among the cooperating colleges of 
engineering, opinion concerning the 
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value of the Pre-Engineering Inven- 
tory appears to be quite uniform. Most 
colleges have discovered that this series 
of tests have been more valuable for 
predicting success of freshman students 
than tests used previously. The con- 
fidence in the Inventory is most grati- 
fying. It is certain, however, that the 
present form of the Pre-Engineering 
Inventory must be supplemented by 
other forms constructed in the same 
manner and perhaps improved still 
further. 

Plans concerning the development of 
the Inventory are summarized as fol- 
lows : : 


. During 1946-47, two new forms of the 
Inventory will be constructed ‘and ad- 
ministered experimentally in a number 
of representative colleges of engineer- 
ing. 

. Research pertaining to this series of 
tests will be collated and used in the 
refinement’ of the new series of In- 
ventories. 

. Forms B and C will be equated to 
Form A and adjusted to the same dif- 
ficulty so that comparable scores over a 
period of years can be obtained for 
research and institutional purposes. 

. The raw scores of these tests will be 
scaled and reported in terms of scaled 
scores. These scaled scores will be 
based on the performance of engineer- 
ing freshmen in general, thus provid- 
ing scores which are immediately 
comparable to the performance of 
freshman engineering students without 
translation into percentile ranks. 

. It is probable that the Inventory will 
be shortened in point of administration 
time. The further refinement of the 
measurement employed may result in 
shorter tests which have the same, or 
perhaps even greater, effectiveness. 

. It is hoped that interest in a nation- 
wide program and funds will permit 
the establishment of a number of Ex- 
amination Centers throughout the 


United States which will administer 
the Inventory to high school graduates 
immediately previous to their gradua- 
tion from high school. The results of 
these examinations may then be for- 
warded to colleges of engineering for 
purposes of evaluation and admission. 

. After July 1, 1946, all test materials 
sent from the Project Office will be 
forwarded in sealed packages. These 
packages will contain all of the ma- 
terials needed by the student. These 
procedures will greatly simplify the 
work of the examiners in cooperating 
colleges. 

. Improved methods of reporting results 
of the Inventory will be placed in 
operation on July 1, 1946. These 
methods provide for the preparation 
of five individual profiles: one for the 
student, where this is desired; two for 
the office of the Dean or the Student 
Counselor in the cooperating colleges ; 
and two for the files of the Project 
Office. 

. The Project Office will render institu- 
tional reports in the future which are 
much more comprehensive than those 
presented during the past year. Dur- 
ing the first year of the Project, it was 
possible for the Director to write a 
personal report to each cooperating 
college of engineering. This practice 
will be resumed after July 1, 1946. 


It is the intent of the Project to per- 
fect its ‘entrance examinations so that 
they will become as effective for this 
purpose as it is possible to construct 
objective tests. The large-scale activi- 
ties of the Project preclude the use 
of other than objective tests, but it is 
certain that the possibilities of this 
method of examination have not been 
fully realized. 


The Sophomore Achievement Tests 


A ¢ystem of guidance tests for col- 
lege students must provide for a series 
of tests appropriate for measuring the 
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achievement of students who have com- 
pleted or will soon complete the sopho- 


more year. The purpose of tests at 


this level is to provide a general meas- 


ure of the potentiality of the individual. 


for further study in engineering. Such 
tests should be administered early in 
the fourth semester or late in the fifth 
quarter of the usual academic year. 
The results of these tests must be 
immediately available to deans and 
guidance officers. During the period 
remaining in the school year, the stu- 
dents may be informed of their per- 
formance on the tests and advised con- 
cerning their potentialities for further 
study in engineering. 


Plans concerning the sophomore 


achievement tests are summarized as 
follows: 


1. 


Experimental forms of the following 
tests will be administered during the 
current academic year: engineering 
drawing, physics, inorganic chemistry, 
mathematics, and English. These tests 
will then be revised and assembled in 
final form. 


. The completed tests will be placed at 


the disposal of all cooperating colleges 
of engineering for the purpose of pre- 
paring tentative norms. These norms 
will be published and distributed as 
soon, as they have been obtained. It 
is expected that the first tentative 
forms of the new norms will be avail- 
able during the early fall of 1946. 


. The Sophomore Achievement tests will 


be confidential in character. Colleges 
of engineering participating in the 
Project, however, will be’ able to ad- 
minister them in whole or in part dur- 
ing any part of the year for purposes 
of obtaining information concerning 
students who are regularly enrolled or 
who apply for advanced standing in the 
college of enginéering. 


. Colleges will be provided with a supply 


of these tests which may be retained 
over a period of time. Scoring keys 
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will also be provided so that results 
for individual students can be obtained 
immediately after completion of the 
tests. The Project Office will recall 
all test booklets from time to time and 
will receive all answer sheets for 
record. When answer sheets are re 
turned to the Project Office, they will 
be rescored and a complete institu 
tional report made in the same manner 
as that employed with the Pre-Engi- 
neering Inventory. 

. The tests represented in the first series 
of achievement tests will be supple 
mented with tests in other subjects as 
rapidly as it is possible to develop and 
construct them. . 

. After the first year of use of these ex- 
aminations, new forms of the Sopho- 
more Achievement tests will be de 
veloped. This second series of tests 
will be based on the experience of the 
Project Office and the cooperating col- 
leges with the first series. It is prob 
able also that it will be necessary to 
print several different editions of these 
tests in order to meet the needs of dif- 
ferent types of undergraduate pro- 
grams. 

. In accordance with the original plans, 
the Project will conduct a nationwide 
testing program in all cooperating col- 
leges each spring. The purpose of this 
program will be to provide the Sopho- 
more Achievement tests to cooperating 
institutions and to obtain norms fot 
students who are soon to complete their 
sophomore year of engineering study. 

- With this basic reference point as a 
measure, the guidance of individuals 
and groups of students will be greatly 
facilitated. 


The Sophomore Achievement tests 
will meet a very great need in engi- 
neering education. Their construction 
has involved compromises with existing 
curricula, but these compromises caf 
be removed very largely when a greater 
number of institutions make use of the 
tests. It will be possible, for example, 
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to prepare mathematics examinations 
which cover two or three patterns of 
instruction during the first two years 
of engineering study. In the prepara- 
tion of the achievement examinations, 
the Measurement Committee will re- 
main sensitive to the need of different 
types of institutions and will attempt 
to meet these needs in the examinations 
developed. It is recognized that the 
uniformity possible with the Pre-En- 
gineering Inventory will not be possible 
or desirable in certain subjects repre- 
sented in the achievement examina- 
tions. As a point of departure, how- 
ever, the tests in the first series will be 
uniform in character with the exception 
of the mathematics examinations which 
are printed in units so that colleges may 
select the combination of tests which 
best represents their mathematics cur- 
riculum for freshman and sophomore 
engineering students. 


A Proposed Series of Tests for Senior 
Engineers 


As orignally conceived, the Project 
was concerned with only the prediction 
of success during the first years of en- 


gineering education. As this work 
progressed, it became increasingly ap- 
parent that student achievement during 
this phase of engineering education 
could not be completely understood 
without projecting the prediction to its 
logical conclusion—graduation from the 
engineering college. It has been pointed 
out by many educational writers that 
course marks provide a very difficult 
criterion to evaluate from an objective 
standpoint. Standards among colleges 
are known to vary tremendously; 
standards of marking and grading with- 
in the same college show the same re- 
markable variation. For purposes of 
esearch, it is desirable that measures 
of the success of advanced students be 
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expressed in objective and comparable 
terms. Examinations provide this 
basis. 

It is proposed, therefore, that the 
Measurement and Guidance Project 
undertake the construction of tests 
specifically designed to measure the 
outcomes of the several branches of 
engineering training. This series of 
tests would be appropriate only for the 
advanced senior student who has 
specialized in one of the several 
branches of engineering or an indi- 
vidual who has completed studies cor- 
responding to this training. It is be- 
lieved that tests can be constructed 
which will be suitable for this purpose, 
tests which will provide a general meas- 
ure of the extent to which individual 
students have attained the aims and 
objectives of professional training in 
their field. 

The problems of constructing a test 
covering the professional training of 
engineers are many and varied. It is 
believed that special examinations 
will be needed in each major field. It 
may be possible to combine certain 
fields, but at present this appears to be 
unlikely. It is probable, however, that 
the complete analysis necessary for the 
basis of examination in each of the 
professional branches of engineering 
will reveal a’ common core, that is, a 
body of knowledge and experience 
which student engineers acquire irre- 
spective of the special branch of en- 
gineering studied. The exact nature of 
the specialized tests and the general ex- 
amination, if this proves desirable, will 
be determined by committees of engi- 
neering educators, advisors from in- 
dustry, and related branches of science. 

The development and construction of 
tests for senior students is an ambitious 
undertaking. Much effort and con- 
siderable funds are necessary. It is 
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hoped that there will be sufficient in- 
terest in this problem to insure the 
support and cooperation of the best 
educational viewpoints in engineering 


education. Funds necessary for the ex-° 


penses of this Project are available 
from appropriations to the Graduate 
Record Office by the Carnegie Founda- 
tion for the Advancement of Teaching 
and Carnegie Corporation of New 
York. The Measurement and Guid- 
ance Project Office is an integral part 
of the Graduate Record Office and con- 
sequently shares in appropriations to 
this branch of the Carnegie Founda- 
tion. It is believed that the funds now 
available will permit the construction 
of senior examinations in the most 
popular branches of engineering. Other 
examinations can be constructed as the 
need arises and the funds become avail- 
able. 

The values of senior examinations 
to engineering education are too nu- 
merous to consider in this report. It 
is certain that the study and evaluation 
of aims, objectives, curricula practises, 
and other aspects of the educational 
program which must be taken into ac- 
count in the development of such ex- 
aminations would prove most stimu- 
lating and valuable to educators 
generally. If examinations for senior 
engineers are developed and are suc- 
cessful in their purpose, wide applica- 
tion to a number of educational heed 
lems is assured. 


A High School Series of Guidance 
Tests 


The Project is soon to undertake 
the development and construction of a 
series of tests for high school students 
who are contemplating the study of en- 
gineering. These tests will be ad- 
justed to the abilities of high school 
sophomore students so that curricula 


suitable for pre-engineering training 
could be followed during the last years 
of high school. 

This series of tests would provide 
high school teachers and guidance offi- 
cers with a measure of the potentiality 
of high school students for engineering 
study. It is imperative that students 
in the secondary schools receive proper 
guidance if they are to succeed during 
the first years of engineering study. 
It is believed that the Project can as- 
sist secondary school guidance officers 
by providing such a series of tests. 
It is expected also that it will be feas- 
ible to prepare a brochure addressed to 
high school students which will advise 
them on the basis of the results ob 
tained from this series of guidance 
tests. 

One of the most important uses of 
this proposed series of tests is to ob 
tain a measure of the abilities of a large 
number of students while they are still 
enrolled in high school. By conducting 
a large testing program in secondary 
schools, it will be possible to obtain 
information concerning the relative 
abilities of those who later choose en- 
gineering as a life work, those who 
elect other college curricula, and what 
may be of most significance, those who 
do not go to college. 


Reports to be Prepared 


The work of the Measurement and 
Guidance Project will be understood 
and appreciated only in relation to the 
extent to which it can prepare intel 
ligible and significant reports. The un- 
certain conditions of the war period 
have interfered with the reporting of 
all of the research that has been com- 
pleted. The Project Office, howevet, 
is preserving all of its work and re 
lating the findings to new data as they 
are collected. 





IN ENGINEERING EDUCATION 


In general, the pattern of reports is 
as follows : 


|. Institutional reports are ‘made periodi- 
cally to each cooperating institution. 
These reports provide much of the data 
for the comprehensive reports which 
appear periodically. 

| A report of Summer and Fall Testings 
—Norms for public, private, and all co- 
operating colleges. This report will 
ordinarily appear in February, al- 
though tentative norms will be sent to 
cooperating colleges in October. 

3. A Yearly Report of All Testings— 
Norms for public, private, and all co- 
operating colleges as well as a report 
of the personal characteristics of all 
students tested. 

. Research Reports—Institutional _ re- 
ports and general reports. Each in- 
stitutional report is confidential in 
character ; the general reports are pub- 
lished in the Journal of Engineering 
Education and in the Annual Report 
of the Engineers’ Council for Profes- 
sional Development. 

. General Report—It is expected that a 
general report will be prepared when 
the Project has reached a mature stage. 
This report will be book-length and 
will summarize all of the findings of 
the Project since its beginning. 


EvALUuATION 


In constructing and perfecting guid- 
ance and achievement examinations, the 
Measurement and Guidance Project is 
concerned with one of the most im- 
portant tools of the educator. Examin- 
ations can provide a dependable basis 
for the guidance of individual students, 
the evaluation of the results of learning 
during an interval of time, and per- 
haps which is of most importance, serve 
as a focus in the study of curricula and 
educational programs. The principal 
purpose of all examinations is to pro- 
vide a measure of some aspect of edu- 
tational development. In this sense, 
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examinations serve to “test” students 
in much the same way in which engi- 
neers test raw materials, various stages 
of manufacture or processing, and the 
quality of the final product. However 
good the raw materials and the manu- 
facturing processes, some elimination 
is necessary all along the line from the 
first stage to the final product. The 
more precise the “test” the better the 
product when it meets the standards 
established. 

No professional curriculum has as 
yet erected a system of examinations 
or “tests” designed to measure the 
quality of its raw materials and the 
several stages involved in producing 
its final products—graduates. Conse- 
quently, no professional curriculum has 
been studied systematically from the 
point of view of student selection, 
elimination, and achievement in relation 
to objectives of the curriculum. In- 
deed, only a few college curricula have 
attempted to develop tests which are 
specifically designed to measure the 
type of raw material that is best 
suited to their particular manufacturing 
processes. Until uniform and com- 
parable measures are available, much 
of the educational program in colleges 
must be taken for granted, or assumed 
on the basis of the preparation of teach- 
ers, the success of their students, and 
similar subjective bases for evaluating 
the educational process. 

The Measurement and Guidance 
Project has already made significant 
strides in the development of a series 
of freshman entrance examinations. 
The Pre-Engineering Inventory is es- 
sentially a test of the quality of the 
raw materials of the engineering pro- 
fession. Results for wartime classes 
revealed such wide variation in quality 
that systematic inquiry is suggested. 
The Project plans to undertake this 
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inquiry and to provide engineering col- 
leges with the results. The assay of 
raw materials does not, of course, de- 
termine the final product. With the 
completion of the achievement exami- 
nations for sophomore students, addi- 
tional data concerning the achievement 
of various types of students will become 
available. It will be possible to de- 
termine those who were eliminated 
from college study, those who dropped 
out of their own accord, and those who 
remained to graduate. If the proposed 
tests for senior students are undertaken 
and completed to the satisfaction of the 
engineering profession, it is expected 
that the facts revealed by systematic 
study of thousands of students in many 
colleges of engineering will throw 


added light on the whole character 9 
undergraduate engineering education, 

The early and favorable start in th 
development of systematic series of 
tests at two levels in engineering edu. 
cation is definitely encouraging. If the 
opportunities presented in the present 
Project are fully realized, it may well 
be that engineering educators will be 
first to perfect an examination struc 
ture which can reveal the extent tp 
which institutions and individuals real 
ize the goals established for engineer 
ing curricula. If, through the study 
of the progress of individuals, we can 
ascertain the factors which determine 
success, we will be provided with those 
facts which are the true basis for ste 
dent guidance. : 
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